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PROCEEDINGS 


OF lEE 


GEOLOGICAL SOCIETY OF LONDON. 


SESSION 1886-87. 


November 3, 1886. 

Prof. J. W. Judd, F.B,.S., President, in the Chair. 

The list of Donations to the library was read. 

The following oommnnioations were read : — 

1. “ On the Skull and Dentition of a Triassic Saurian, Galemuirus 

s, Ow.” By Sir Richard Owen, K.C.B., F.R.S., F.G.S., &c. 

2. “ The Cetacea of the Suffolk Crag.” By R. Lydekker, £sq., 
B.A., F.G.S., &c. 

3. “ On a Jaw of Hyotherium from the Pliocene of India.” By 
R. Lydekker, Esq., B.A., F.G.S., &o. 

The following specimens were exhibited ; — 

Cast of Galesawrus jplanicepsy Ow., exhibited by Dr. H. Wood- 
ward, F.R.S., F.G.S., in iRustration of Sir R. Owen’s paper. 

Abortion of head of Galesaurua planicejps, Ow., from Kuisement- 
fontein, Caledon-river District, Orange Free State. ' Collected by 
Hatting, Esq., and exhibited by ProL T. Rupert Jones, F.R.S., 
F.G.S., on behalf of C. S. Orpen, Esq., Smithfield, O.F.S. 

Specimens of Cetacean Ear-bones from the Suffolk and Antwerp 
Cra^, and a portion of the Jaw of Hyotherium from the Pliocene of 
India, exhibited by R. Lydekker, Esq., B.A., F.G.S., in illustration 
of his papers. 

Map of the Mountain Region of British Honduras, scale 4 mi^- 
metres mile, showing the Geological features of the riparian 
districts, by C. H. Wilson, Esq., F.G.S. 
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November 17, 1886. 

Prof. J. W. JiTDB, F.B.S., President, in the Chair. 

The IJjjt of Donations to the library was read. 

The Sewpotary annonnoed that the following type speoimens had 
beoneathod to the Society’s Mnsenm by the late Caleb Evans, 
via. I'^Talamoryste^ glabra, H. Woodw. (Qnsrt. Jonm. 
Boo. Exvii. pw 90), and Litorieola glahray H. Woodw. (ftnart. 
loath* Cleol. Soo. ttxiz. p. 29), fi*om the Lower Eocene of Pwts- 
also two j^iecimens of elytra of Beetles hrom the London 
l^y of Pedchm. 


The following oommnnications were read : — 

1. A letter from the Lieutenant-Governor of the Falkland Islands, 
oommunioated by H.M. Secretary of State for the Colonies : — 

** Government House, 

Stanley, Falkland Islands, 
3rd June, 1886. 


“ My Lobd, — I regret to have to report that a slip of the peat- 
bog at the back of the town of Stanley, similar to that which 
occurred in November 1878 but about two hundred yards to the 
westward of the scene of that accident, took place last night. A 
stream of half-liquid peat, over a hundred yards in width, and 4 or 
6 feet deep, flowed suddenly through the town into the harbour, 
blocking up the streets, wrecking one or two houses in its path, and 
surrounding others so as completely to imprison the inhabitants. 
Fortunately, as the night was wot and stormy, almost everyone was 
within doors, and the few who were in the wrecked houses escaped 
in time. One child was, unfortunately, smothered in the peat, whose 
body has been recovered, but no ot^cr casualties are known to have 
ooonired. An old man is, however, reported to be missing this 
morning, and it is feared he may also have perished, as part ol 
his house is almost filled with peat. * * * * The slip was 
caused, apparently, by the unusually heavy rains which have fallen 
during ttio last few days, and which the drains constructed by 
ILr. &iley, the Surveyor, in 1878, proved insufficient to carry off. 
Beeper and wider cuttings will now be made, and I trust that the 
recurrence of any similar catastrophe may thus be prevented. TJic 
town of Stanley is, however, from its situation and the mass oi 
peat-bog on the high ground behind it, always to some extent ex- 
posed to danger of this nature in times of unusually heavy rainfall. 


I have &c., 

“ (Signed) 

JR/hhi Mon, Earl OranviUe., K,0,, 
qfc. 4rc. 


Artutte Barkly.’ 


* 000 Qtmrt. Joum. Oeol. Soo. vol. xxxv. Proo. p. 96. 
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2. “ On the Drifts of the Vale of dwyd, and their relation to the 
Caves and Cave-depositB.*^ By Prof. T. M^Kenny Hughes, H.A., 

p,e.s. 

The following specim^ia were exhibited 

V Implexaents aisd. speohnens from Drift-d^osits^ exhibited by 
Prof, T, M^’Henny Hn^es, M,A., F.G.S*, in illustration of his 

Eoet^ the Malvept 
l&q,, ¥.QM, ■: ' 

> > Sptotnens iHutocting Metamoiphism in liaard^^ 


December 1, 1886, 

Prof. J. W. Judd, F.II.S., President, in the Chair. 

Henry Howe Amold-Bemrose, Esq., H.A., Lonsd^e Place, Derby ; 
Bichard Assheton, Esq., B.A., Downham Hall, Clitheroe ; Francis 
Arthur Bather, Esq., B.A., Bedhouse, Boehampton, 8.W.; Bev. 
Joseph^ Campbell, M.A., Parsonage, Glen Innes, Hew England, 
H. S. Wales ; John Wesley Carr, Esq., B.A., University College, 
Hottingham ; Thomas J. G. Fleming, Esq., Limavady, co. Derry, 
Ireland; Thomas Forster, Esq., Umaria Colliery, Umaria, India; 
Edmund Johnstone Garwood, Esq., B.A., Villa Giuseppina, Caden- 
abbia, Logo di Como, Italy ; George Samuel Griffiths, E^., 22 Collins 
Street West, Melbourne ; Dr. Frederick Henry Hatch, Ph.D., Aubry 
Lodge, Wellesley Boad, Gunnersbury, W. ; Bobert Tuthill^ Litton, 
Esq., Market Street, Melbourne ; Frederick Wilham Martin, Esq., 
37 (ffiarlotte Boad, Edgbaston, Birmingham ; Biohard D. Oldham, 
Esq., A.B.S.M., Geological Survey of India, Calcutta ; Forbes 
Bickard, Esq., F.C.S., Ashcombe, Carlton Boad, Putney, S.W. ; 
Albert Charles Seward, Esq., B.A., St. John's College, Cambridge; 
Herbert William Vinter, Esq., M.A., Wesleyan College, Truro, 
Cornwall ; and Charles D. W^cott, Esq., U.S. Geological Survey, 
Washington, D.C., U.S. America, were elected Fellows of the 
Society. • * 

The list of Donations to the Library was read. 

The Pipsinmn? announced that he had received from Prof. UMoh, 
of Dunedin, HJZ., the announcement of a very interesting discovery 
which he had recently made. In the interior of the South Island 
of Hew .Zealand there exists a range of mountains, composed of 
olivine^ehstatite rocks, in places converted into seipeiitine. The 
sand liie rivers flowing from these rocks contains metallic particles 
wMoh, <m axislysls, provAto be an alloy of nickel and iron in the 
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proportion of two atoms of the former metal to one of the latter. 
Similar particles have also been detected in the serpentines. This 
alloy, though new as a native terrestrial product, is identical with 
the substance of the Octibeha meteorite, which has been called 
ootibehite. Prof. Ulrich has announced his intention of communi- 
cating to the Society a paper dealing with the details of this 
discovery — ^which is certainly one of the most interesting that 
has been made since the recognition of the terrestrial origin of the 
Ovifok irons. 

The following communications were read : — 

1. “ On a new Genus of Madreporaria — Qlyphastrceay with re- 
marks on the Morphology of Glyphastrcea Forhesi^ Edw. & H., sp., 
firom the Tertiaries of Maryland, U.S.^’ By Prof. P. Mar&i 
Bunoan, M«B*, F.B..S., F.G.S., &c. 

2. “ On the Metamorphic Bocks of the Malvern Hills. — Part 1.” 
By Frank Butley, Esq., F.G.S., Lecturer on Mineralogy in the 
Boyal School of Mines. 

8. “ On Fossil Chilostomatous Bryozoa from New Zealand.'' By 
Arthur Wm. Waters, Esq., F.G.S. 

The following specimens were exhibited : — 

Specimens of Metamorphic Bocks from the Malvern Hills, ex- 
hibited by Frank Butley, Esq., F.G.S., in illustration of his paper. 

FossU Corals, exhibited by Prof. P. M. Duncan, M.B., F.B.S., 
F.G.S., in illustration of his paper. 

A specimen and section of Great Corndon Laccolite from Shrop- 
shire, showing junction of ‘ho erupted rock with the overlying 
Ladywell Schist, exhibited by 0. J. Alford, Esq., F.G.S. 


December 15, 1886. 

Prof.^.W. Judd, F.B.S., President, in the Chair. 

John Usher, Esq., Wentworth Court, Sydney, New South Wales, 
and Joseph Tertius Wood, Esq., Shaw House, Bochdale, were 
elected F^ows of the Society. 

The list of Donations to the library was read. 

The following communications were read : — 

1. « Notes on NummuUtes elegans^ Sow., and other English Num- 
muHtes." By Prof. T. Buport Jones, F.B.8., F.G.S. 
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2. “ On the Dentition and Affinities of the Selachian Genus 
Ptychodus^ Agassiz/’ By A. Smith Woodward, Esq., E.G.S. 

3. “ On a Molar of a Pliocene type of Equus from Nubia.” By 
R. Lydekker, Esq., B.A., E.G.S. 

The following specimens were exhibited : — 

Specimens of Nummulites, exhibited by Prof. T. Rupert Jones, 
F.R.S., E.G.S., in illustration of his paper. 

Specimens, exhibited by Henry Willett, Esq., E.G.S., and Dr. H. 
Woodward, E.R.S., E.G.S., in illustration of the paper by A. Smith 
Woodward, Esq., E.G.S. 

Two molars of exhibited by R. Lydekker, Esq., E.G.S.» in 

illustration of his paper. 


January 12, 1887. V 

Prof. J, W. Judd, F.R.S., President^ in the Chrnr^ 

Erederick Joseph Eorfeitt, Esq., Medbum, near Elstree, Hert- 
fordshire; James Lemon, Esq., M.Inst.C.E,, Lansdowne House, 
Southampton, and Palace Ohaml^rs, Westminster ; Charles Samuel 
Routh, Esq., 14 Southampton Street, Bloomsbury ; and Thomas 
Davies Whittington, Esq., B.A., 6 Norlands, East Dulwich Road, 
S.E., were elected Eellows ; Professor J osiah Dwight Whitney, of 
Cambridge, Mass., U.S.A., a Foreign Member, and Professor A. de 
Lapparent, of Paris, a Foreign Correspondent of the Society. 

The List of Donations to the Library was read. 

The Pbebident announced the sad loss which the Society had 
sustained since the last Meeting by the death of Mr. John Arthur 
Phillips, F.R.S,, who had been for several years a valuable member 
of the Council, and one of the Yice-Presidents of the Society. 

The following communications were read ; — 

1. “ The Ardtim Leaf-beds.” By J. Starkie Gardner, Esq., 
E.G.S., E.L.S. ; with Notes by Grenville A. J. Cole, Esq., E.G.S. 

2. “On the Echinoidea of the Cretaceous Strata of the Lower 
Narbadd Region.” By Prof. P. Martin Duncan, M.B., E.R.S., E.G.S. 

3. “ On certain Dinosauiian Vertebra? from the Cretaceous of India 
and the Isle of Wight,” By R. Lydekker, Esq., B.A., E.G.S. 

4. “ Further Notes on the Results of some deep Borings in Kent.” 
By W. Whitaker j Esq., B.,A., P.G.S, 



«peditaena were exbibited ; — 

Bl^WeQiabliSf rook^peoimens, and microBoopio sections, exhibited 
by B. Gkurdner, Esq., F.G.S., in illustration of his paper. 

Echinoderms &om the three Calcareous deposits of the Cretaceous 
formation, Btig Series, exhibited by Prof. P. M. Duncan, M.B., 
E.G.8., in illustration of his paper. 

Specimens of cores, exhibited by W. Whitaker, Esq., B.A., F.G.S., 
in illustration of his paper. 


January 26, 1887. 

Prof. J. W. Judd, E.B..S., President, in the Chair. 

Abraham Farrar, Esq., Jun., The Grange, Beech Grove, Harro- 
gate, and Frederick Schute, Esq., 3 West Mount, Scarborough, were 
elected Fellows of the Society. 

The list of Donations to the library was read. 

The following communications were read ; — 

1. “ On the Correlation of the Upper Jurassic Bocks of the Jura 
with those of England.’* By Thomas lloberts. Esq., M. A., F.G.S. 

2* “ The Physical History of the Bagshot Bods of the London 
Basin.” By the Rev. A. Irving, B.Sc., B.A., F.G.S. 

The following specimens were exhibited ; — 

Specimens from the Bagshot Bods, and of combination analyses, 
exhibited by the Rev. A. Irving, B.Bu., F.G.S., in illustration of his 
paper. 

Photographs of a Glacial Pot-hole, at Archibald, Pa., U.S.A., 
exhibited by Archibald Geikie, LL.D., F.R.8., V.P.G.8. 


February 9, 1887. 

Prof. J. W. Judd, F.R.S., President, in the Chair, 

Samuel Fanfold, Es^, Eversley House, Guildford ; Henry Hill, 
£sq.,B.A., Hapier, New Zealand ; and John Morison, M.D., Victoria 
Bfei^ St. Albans, were elected Fellows of the Society. 

Hie 3[<ist of Donations to the library was read. 
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The loHowing eommtqiieatdozis were read i — 

X. ^ Evideiioe of Glaoial Action in the Carhoniferoos and Hawhes* 
hnry Series, New South Wales.” By T. W. Edgworth Barid* Esq., 

E.a.s. ^ 

2. “The Terraces of Rotomahana, New Zealand,’’ By Josiah 
Martin, Esq., F.G.S. 

3. “ The Eruption of Mount Tarawera.” By Oapt. P. W. Hutton, 

p.a.s. 

The following specimens were exhibited : — 

Specimens of glacially polished blocks, from the Carboniferous 
glacial beds of New South Wales, and photographs of sections in 
those deposits, exhibited by T. W. Edgworth David, Esq., P.G.S., in 
illustration of his paper. 

Faceted and striated boulders from the Olive Beds (Pretertiary) 
of the Salt Range, Punjab, India, exhibited by W. T. Blanford, 
LL.D., P.B.S., Sec.G.S. 

Photographs of the Terraces of Rotomahana, exhibited by Josiah 
Martin, Esq., P.G.8., in illustration of his paper. 

Photographs and specimens of Volcanic materials with microscopic 
sections, exhibited by Capt. P. W. Hutton, P.G.S., in illustration of 
his paper. 

Maps, plans, and photographs with specimens of Volcanic dust, 
&c., illustrating the eruption of Tarawera, exhibited by James 
Hector, C.M.G., M.D., P.U.S., RG.S. 

Striated stone from the Upper Old Red Conglomerate, Pennine 
Escarpment near Mehnorby, Cumberland, exhibited by J. G. Good- 
child, Esq., P.G.S. 
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ANNUAL GENERAL MEETING, 


Pebniary 19, 1887. 


Prof. J. W. JtTDD, P.E.S., President, in the Chair. 


Bepobt of the Council for 1886. 

In presenting their Report for the year 1886, the Council of the 
Geological Society have much pleasure in once more congratulating 
the Fellows upon the prosperous state of the Society, although they 
have not to announce any increase in the total number of Fellows. 
But the Income of the Society has been larger and the Expenditure 
less than in the year 1885, so that notwithstanding the Investment 
of a sum of X250, the Balance in the Society’s favour shows a con- 
siderable increase. 

The number of Fellows elected during the year is 41, of whom 30 
paid their fees before the end of the year, making with 16 previously 
elected Follows, who paid their fees in 1886, a total accession 
during the year of 46 Fellows. Against this we have to set the 
loss by death of 28 Fellows, and by resignation of 10 Fellows, while 
10 Fellows were removed from the List for non-payment of their 
contributions, making a total loss of 48 Fellows. There is thus an 
actual decrease of 2 in the number of Fellows of the Society. Of the 
28 Fellows deceased, 5 were Compounders, and 6 non-contributing 
Fellows ; the numlaer of contributing Fellows is increased by 2, 
being now 833. 

The total number of Fellows, Foreign Members and Foreign 
Correspondents was 1425 at the end of the year 1885, and 1423 at 
the dbse of 1886. 

At the end 1885 there was one vacancy in the List of Foreign 
Members, and this was filled up in the course of 1886. During the 
year, intelligence was received of the decease of one Foreign Mem- 
ber. The List of Foreign Correspondents also showed one vacancy 
at the end of 1885, and intelligence was received in 1886 of the 
decease of another Foreign Correspondent. This loss, with the 
up of the vacancy among the Foreign Members, catwed in all 
S vacancies in the List of Foreign Correspondents, two of which were 
mied within the year. Thus at the close of the year 1886 
one yacancy in the list of Foreign Members, and one in 
of Foreign Correspondents. 
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The total Beoeipts on account of income for the year 1B86 
were £2669^ being ^117 4cf. more than the eetimab^ Income 
for the year. The total Expenditure, on the other hand, was only 
£227 S 14s. 3^., or £229 Is. 9d, less than the estimated Expenditure 
for the year. The excess of the Income over the Expenditure of 
the year was ^390 5s. 9d. 

A sum of £250 12s. 6<f. having been expended in the purchase of 
£250 reduced 3 per cent, stock, the balance at the disposal of the 
Society at Slst December last amounted to £576 19s. \d. As the 
Council have every reason to believe that the expenditure of the 
present year will be well within the estimates, they think it may be 
advisable in the course of the coming summer to make use of a part 
of the above balance for the execution of necessary repairs, painting, 
<fcc., of the interior of the Society's House. 

The Council have to announce the completion of YoL XLII. of 
the Society's Quarterly Journal, and the commencement of Vol, 
XLIII. 

In consequence of the sudden death of the late Clerk, Mr. W. W. 
Leighton, the Council were led to consider the organization of the 
paid Officers of the Society, and they decided formally to combine 
the office of Clerk with that of Assistant Secretary, giving him a 
second Assistant, whose duties should be primarily those of a Clerk 
in the Office, but with the proviso that he should assist in, the work 
of the Library when required to do so. After a careful consideration 
of the testimonials of numerous applicants, the Council appointed 
Mr. E. E. Brown to the vacant post, and the appointment was duly 
confirmed by the Society at the Meeting of the 2l8t of April, 1886. 

The Council have awarded the Wollaston Medal to J. Whitaker 
Hulke, Esq., E.R.S., F.G.8., in recognition of the importance to 
Geological Science of his researches into the structure and affinities 
of Fossil Reptilia, especially of the Dinosauria. 

The Murchison Medal, with the sum of Ten Guineas from the 
Fund, has been awarded to the Rev. P. B. Brodie, M.A., F.G.S., 
as a mark of appreciation of his long-continued study of the 
Stratigraphy of Central England, and of his important contributions 
to the Science of Fossil Entomology. 

The Lyell Medal, with the sum of Twenty- five Pounds from the 
proceeds of the Fund, has been awarded to Samuel Allport, Esq., 
F.G.S., in recognition of the admirable work done by him as one of 
the pioneers of the science of Microscopic Petrology! 

The Bigsby Medal has been awarded to Prof. Charles Lapworth, 
LLJ)., F.G.S., as a testimony to the value of his palmontological 
and stratigraphical researches, and particularly of the adffitions made 
by him to our knowledge of the structure and distribution of Gb»p- 
tolites, and of his investigation of the Lower PaleBOzoio and Archaean 
Rocks of Scotland. 

The balance of the proceeds of the Wollaston Donation Fund has 
been awarded to B. N. Peach, Esq., F.G.S., in tok^ of appreciation 
of hie important contributions to the Palieontology and Geology of 
Scotland, and to aid him in future investigations. 
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; jCbe Imlaxiee of the. proceeds of the Murdbison Geological Fund 
has been awarded to Bobert Kidston, Esq., F.G.8., in recognition of 
the value of his studies in Fossil Botany, and to aid him in farther 
prosecuting his researches into the structure and affinities of the 
plants found in the Carboniferous Bocks. 

The balance of the proceeds of the Lyell Geological Fund has been 
awarded to the Bev. Osmond Fisher, Esq., M.A., F.G.S., in testimony 
of appreciation of his contributions to the Physical History of the 
Earth, and to various branches of Physical Geology, and to assist 
him in continuing his studies of these and similar subjects. 
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Kepobt op the Libbabt and Mdsbdm. Committee. 


Library, 


Since the last Anniversary Meeting a g^eat number of valuable 
additions have been made to the Library, both by donation and 
by purchase. 

^ Donations the library has received about 157 volumes of 
separately published works and Survey Deports, and about 321 
separate impressions of Memoirs and other Pamphlets, besides about 
153 volumes and 78 detached parts of the publications of various 
Societies. Besides these about 11 volumes of independent Periodicals, 
presented chiefly by their respective Editors, and 11 volumes of 
Newspapers of various kinds have been received. This will con- 
stitute a total addition to the Society's Library, by donation, of 
about 350 volumes and 321 pamphlets. 

A considerable number of Maps, Plans, and Charts have been 
added to the Society's collections by presentation, chiefly, as in 
former years, from the Ordnance Survey of Great Britain, whose 
donations amount to 457 sheets, large and small. From the French 
Depdt de la Marine, 39 sheets have been received. The remainder, 
consisting of 39 sheets, includes G sheets from the Geological Survey 
of Saxony, 3 from that of Belgium, 6 from the Koumanian Geological 
Survey, and 2 from the Geological Survey of Norway, besides 12 
sheets of Maps and Plans of Krakatau presented by the Netherlands 
Government, a Geological Map of Zillah Behar, presented by Prof. 
W. T. Thiselton Dyer, 2 copies (one coloured, one in black and 
white) of a geological map of the mountain region of British Honduras, 
prepared and presented by C. H. Wilson, Esq., F.G.S., 6 sheets of a 
geological map of B»ussian Turkestan by M, J. Mouschketoff, and a 
geological map of the United States of North America, by C. H, 
Hitchcock, Esq. 

The total number of Maps, Plans, and Charts presented during 
the year was 535. 

The books and maps above referred to have been received &om 
158 personal Donors, the Editors or Publishers of 13 Perio^cals, and 
177 Societies, Surveys, and other Public Bodies, making in all 348 
Donors. 

By Purchase, on the recommendation of the Standing library 
Committee, the Library has received the addition of 49 volumes of 
Books, and of 61 parts (making about 20 volmnes) of various 
Perioicals, besides 33 parts of certain works publi^ed serially. 
Of the Geological Survey Map of France, 7 sheets have been 
obtained by purchase, besides 12 sheets of the smaller Geological 
Map of France and the neighbouring districts, by MM. Vasseur and 
Carez. 



IPBOOESaCRCHflfi Ot &BOI.OGZCSAX 800IBXT. 

Ml© eo8t of Books, Peiiodieals, and Maps puroltaBed during the 
fw 1886 uras£44 17s lOc?., and of Binding ^66 13s, 4d,, making a 
total of 4:111 11s. 

' With the view of rendering the libraiy more useful to the Fellows, 
it is now kept open on the days of the Society's Meetings from 6 to 
8 o’^ook in the evening. 


Museum, 

^ The Collections in the Museum remain in much the same con- 
dition as at date of the last Report of the Committee. 

The ad^tions during the year 1886 have not been numerous ; 
they consist of a collection of specimens presented by M. F. Cornet, 
illustrating his paper on the Phosphatic Beds in the neighbourhood 
of Mons ; of a collection of rock-specimens from Assouan, presented 
by Sir J. W. Dawson and Prof. Bonney; and of 2 elytra of 
Beetles from London Clay of Peckham, a specimen of Palceocorystes 

f lahra, and one of Litoricola glahra from the Lower Eocene of 
‘ortsmouth, bequeathed to the Society by the late Caleb Evans, 
Esq., F.G.S. ’ 
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CoiLP.AJtATITX SrATXiinSirT OF THS NlHCBEE OF 
CLOSE OF THE TBABS 1885 AEB 


THE SOOXEXT AT THE 
1886. 


Bee 31. 1885. Bee, 31. 1886. 


OompoimderB 

Contributing Fellows 

Non-oontributing Fellows . . 

Foreign Members 

Foreign Coirespondents .... 


312 


314 

831 

• • « • « 

833 

204 


198 

1347 


1345 

39 


39 

39 


39 

1425 


1423 


Comparative Statement eccplanatory of the Alterations in the Nvmher 
of Fellows^ Foreign Members^ and Foreign Correspondents at the 
dose of the years 1885 and 1886. 


Number of Compounders, Contributing and Non- 
contributing Follows, December 31, 1885 .... 
Add Follows elected during former year and paid 

in 1886 

Add Fellows elected and paid in 1886 


Deduct Compounders deceased 6 

Contributing Fellows deceased 17 

Non-contributing Follows deceased .... 6 

Contributing Fellows resigned 10 

Contributing Fellows removed 10 


1347 

16 

30 

1393 


— 48 


Number of Foreign Members, and Foreign 1 
Correspondents, December 31, 1885 . . . . / 

Deduct Foreign Member deceased 1 

Foreign Correspondent deceased . . 1 

Foreign Correspondent elected 1 ^ 

Foreign Member J ^ 

75 

Add Foreign Member elected 1 

Foreign Correspondents elected ........ 2 


1345 


— 78 


1423 
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IhBOSASBB FbUjOWS. 

Compounder 8 (5). 

Auldjo, J., ]Bsq. Romilly, Hon. E. 

Oardw^, Tisoount. Storey, 3S., Esq- 

Morris, Prof. J. 


Meaident and other Contrihutiny Fellows (17). 


Blount, W., Esq. 
Bunbury, Sir C. J. E. 
Busk, Prof. G. 
Gumming, J., Esq. 
Dawson, J., Esq, 
Downes, B-ev. W. 
Evans, C., Esq. 
Enniskillen, Earl of. 
Eergusson, Dr. J. 


Grote, A., Esq. 
Guthrie, Prof. E. 

HoU, Dr. H. B. 

Milnes, W., Esq. 
Seyton, C. S., Esq. 
Smith, T. M., Esq. 
Steele, Dr. J. D. 
Whitehead, E. T., Esq. 


Adams, W., Esq. 
Carey, Sir P. 
Ellis, E. J., Esq. 


Fonr-conirihuting Fellows (6). 

Harding, Lieut. -Col. W. 
Lauranoe, J., Esq. 
Ilichardson, J., Esq. 


Foreign Member (1). 
Abich, Dr. H. 


Foreign Correspondent (1). 
Guiscardi, Professor G. 


W. A., Esq. 
Rev; E. 
X, Esq^ 
J* P. 

(Er. C., Esq. 


Fellows Resigned (10). 

Provis, E., Esq. 
Ramsay, A., Esq. 
Randell, L S., Esq. 
Tarbotton, M. O., Esq. 
Thombum, J., Esq. 
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Baigan, J,, Esq. 
Fisher, H., Esq. 
Forsiier, R. C., Esq. 
Mason, J. W., Esq. 
M^hin, Rev. E. 


Fellom Removed (10). 

Parton, T., Esq, 

Rogers, Dr. 

Shiespear, Lieut.-CoL J. D. 
Simpson-Baikie, E., Esq. 
Woodhouse, Rev. T. E. 


The following Personage was elected from the List of Foreign Cor- 
respondents to JUl a vacancy in the List of Foreign Members 
during the year 1886. 

Professor Gustav Tschermak of Vienna. 


The following Personages were elected Foreign Correspondents during 
the year 1886. 

Professor J. Vilanova-y-Piera of Madrid. 

Professor H. Rosenbusch of Heidelberg. 


After the Reports had been read, it was resolved 

That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and distributed among the Fellows. 


It was afterwards resolved : — 

That the thanks of the Society be given tp Dr. John Evans 
retiring from the office of Vice-President. 

That the thanks of the Society be given to Dr. John Evans, Dr. 
G. J. Hinde, John Hopkinson, Esq., and W. Topley, Esq., retiring 
from the Cotinoil. 

After the Balloting-glasses had been duly closed, and the Lisin 
examined by the Scrutineers, the following gentlemen were declared 
to have been drdy elected as the Officers and Council for the ensuing 
year : — 



FBOCE1SDIN6H3 OF TSM OEOLOOICAL SOCIETY. 




OFFICERS. 


psEswmr, 

Prof, J. W. Judd, F.B.S. 


nCE’PRESWENTS, 

!H. Baucman, Esq. 

Prof. T, 0. Bonuey, B.So., F.B.8. 
A, Geikio, LL.I>,, F,R.8. 

Homy Woodward, LLJ)., F.R.S. 


SECBETASmS. 

W, T, Blanford, LL.D., F.B.S. 

W. H. Hudleston, Esq., M.A., F.R.8. 


FOBEIGN 8ECBETABY, 

Warington W. Smyth, Esq., M.A., F.B.8. 


TBEA8TTBEB, 

Prof. T. Wiltshire, M.A., F.L.S. 


COUNCIL. 

H. Bauennan, Esq. Prof. T. Rupert Jones, F.R.S. 

W. T. Blanford, LL.D., F.R,S. Prof. J. W. Judd, F.R.S. 

Pi^f. T. O. Bonnfy,* D.Sc., LL.D. R. Lydekker, Esq., B.A. 

F.B.S. J. E. Marr, Esq., M.A. 

A. Caiampemowne, Esq., M.A. E, Tulley Newton, Esq. 

ajhdmas Davies, Esq. Prof. H. G. Seeley, F.R.S. 

Prof. P. H. Duncan, M.B., F.R.S. Warington W. Smyth, Esq.. M.A.i 
A, Geikie, LL.D., F.B.8. F.Rrs. 4 , 

Hicks, M.D., F.R.S. J. J. H. Teall, Esq., M.A. 

Bot> Bd^ Hm, M.A. Prof. T. Wiltshire, M.A., F.L.S. 

W,:|lt Esq., M.A., F.B.S. Rev. H. H. Winwood, M,A. 

Pr«^ i?. Mollonny Hughes. Henry Woodward, LL.D., F.B.S. 

LW.Httlke,lsq.,F,B.S. , , 



AinXXTAJ, BBPOBX. 


LIST OF 

THE FOREIGN MEMBERS 

OF THE GEOLOGIOAL SOCIETY OF LONDON, m 1886, 

X>«i(te of 

1827. Dr. H. Ton DecHen, JBonn* 

1848. James Hall, Esq.,^ Albany^ State ef JNiw York* 

1850, Professor Bemha^ Studer, JSeme^ 

1851, Professor James D. Dana, New Mavetty Comteciicut^ 

1851. Gmieral G. von Helmersen, St, Mfterehurg, (^Decetmd*) 

1858. Count Alexander von Keyserling, RaykUUy JSiifffstk, 

1853. Professor L. G. de Koninck, XdSge. 

1856. Professor Robert Bunsen, For. Hem. R.S,, Meiddberp^ 

1857. Professor H. B. Geinitz, Dresden, 

1869. Dr. Ferdinand Rcimer, Breslau, 

1860. Dr. H. Milne-Edwards, For. Mem. R.S., Parts, (DeeeaseAy 
1864. M. Jules Desnoyers, Paris, 

1866. Dr. Joseph Leidy, Philadelphia, 

1867. Professor A. Daubr<5e, For. Mem. R.S., Paris, 

1871. Dr. Franz Ritter von Hauer, Vienna, 

1874. Professor Alphonse Favre, Geneva, 

1874. Professor E. Hubert, Paris, 

1874. Professor Albert Gaudiy, Paris, 

1875. Professor IVidolin Sandberger, Wurzbrnp, 

1876. Professor Theodor Kjerulf, Ch'istiania, 

1876. Professor F. August Quenstedt, Tubingen, 

1876. Professor E. Beyrich, Berlin. 

1877. Dr. Carl Wilhelm Giimbol, Munich, 

1877. Dr. Eduard Suess, Vienna, 

1879. Dr. F. V. Hayden, Washington, 

1879. Major-General N. von Kokscharow, St. Petersburg, 

1879. M. Jules Marcou, Cambridge, U. S. 

1879. Dr. J, J. S. Sieenstrup, For. Mem. R.S., Copenhagen. 

1880. Professor Gustave Dewalque, LUge. 

1880. Baron Adolf Erik Nordenskidld^ Stockholm, 

1880. Professor Ferdinand Zirkel, Leipzig. 

1882. Professor Sven Lov^n, Stockholm. 

1882. Professor Ludv^ig Riitimeyer, Basle. 

1883. Professor J. S. Newberry, Neto Pork. 

1883. Professor Otto Martin Torell, Stockholm, 

1884. Professor G. Capellini, Bologna. 

1884. Professor A. L. O. Des Cloizeaux, For. Mem. R.S., Paris, 

1884. Professor G. Menegbiui, Pisa, 

1884. Professor J. Szabd, Pesth, 

1886. Professor Jules Gosselet, LUle, 

1886. Professor Gustav Tschermak, Vienna, 

TOI.. XLUI, 
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iPBocsEDiiros or thb esoLoeioAii ftocnrcT* 


tZ 

LIST OF 

THE POEEIGN CORRESPONDENTS 
OP THE GEOLOaiOAL SOCIETY OF LONDON, in 1880. 

Bate of 
Sleotion. 

1863. Count A. G, Marschall, Vterma, 

1863. Professor Giuseppe Ponzi, J^me, (fieceased,) 

1868. Lr. F. Senft, JEHaenach, 

1864. Pr. Charles Martins, ifontpelUer. 

1866. Professor L P. Lesley, 

IH^J. Professor Victor Raulin, Bordeaux, 

Baron Aohille de Zigno, Padua. 

; Herr Xhonys Stur, Viefma. 

187S. Professor J. D. Vhkdtney, Oambridpe, U. S, 

, 1874. Professor Igino Cocchi, Phrence. 

1874. M. Gustave H. Ootteau, Auxerre. 

1874. Professor G. Seguenza, Meseina. 

1874. Dr. T. O. Winkler, Haarlem. 

1877. Professor George J. Brush, New Haven. 

1877. Professor K. Renevier, Lausanne. 

1877. Count Gaston de Saporta, Aia^en’-Provence. 

1879. Professor Pierre J. van Beneden, For.Mem.R.S., Lmvam. 
1879. M. Bdouard Dupont, Brussels. 

1879. Professor Gerhard Vom Rath, Bonn, 

1879. Dr. J^mile Sauvage, PaHs. 

1880. Professor Luigi Bellardi, Turin, 

1880. Professor Leo Lesquereux, Columbus, 

1880. Dr. Melchior Neumayr, Vienna. 

1880. M. Alphonse Renard, Brus^^'U. 

1881. Professor E. D. Cope, Philadelphia. 

1882. Professor Louis Liartet, Toulouse, 

1882. Professor Alphonse MUne-Edwards, Paris. 

1888. M. Fran9ois Leopold Cornet, Mons. 

1883. Baron Ferdinand von Richthofen, Leipzig. 

1883. Professor Karl Alfred Zittel, Munich. 

1684. Dr. Charles Barrois, Lille, 

1884. M. Alphonse Briart, Morlanwelz, 

1884. Professor Hermann Credner, Leipzig, 

1884. Baron C. von Ettingshausen, Oratz. 

1884. Dr. E. Hojsisovics von Mojsvdr, Vienna. 

1885. M. F. Fouqud, Paris, 

1885. Professor G. Lindstrdm, Stockholm, 

1885. Dr. A^ G. Nathorst, Stockholm. 

1886. Professor H. Rosenbusch, Heidelberg, 

1886* Professor J. Yilanova y Piera, Madrtd. 



ASTKtTAL BSFOBT. 




AWAEDS OF THE WOLLASTON MEDAL 

VNDEB THE CONDITIONS OP THE '^DONATION PIJND 
XSTABL1BHE]> BT 

WmiAM HYDB WOIJiASTOy, VJBiS., y>aS„ Ac, 

pTosiiatie reseasTfslies coscersing the mineral «tnmtare of 
aa»| to anahle the Coimdl of the Geological l^iety 
li^dhddtu^ of an^ eountiy by irbom such researobee may be 

made>”— '^eucb indiyidiial not bedng a Member of the ■ ■ 


laSl. Mr. William Smith. 

1836. Dr. G. A. MantelL 
1636. M. Louis Agassiz. 

\ Capt. T. P. Oautley. 

' I Dr. H. Falconer. 

1838. Sir Hichard Owen. 

1839. Professor C. G. Ehrenberg, 

1840. Professor A. H. Dumont. 

1841. M. Adolphe T. Brongniart. 

1842. Baron L. yon Buch. 

1 J M. Elie de Beaumont. 

IM.P. A.Dufi^noy. 

1844. Rev. W. D. Conybeare. 

1846. Professor John Phillips. 

1846. Mr. William Lonsdale. 

1847. Dr. Ami Bou4. 

1848. Rev. Dr. W. Buckland. 

1849. Professor Joseph Prestwich. 

1850. Mr. William Hopkins. 

1861. Rev, Prof. A. Sedgwick. 

1862. Dr. W, H. Fitton. 

1863. -} Vioomte A. d’Archiac. 

f M, E. de Vemeuil. 

1864. Sir Richard Griffith. 

1866. Sir H. T. De la Beche. 

1866. Sir W. E. Logan. 

1867. M. Joachim Barrande. 

1868 j Hermann von Meyer. 

* I Mr. James Hall. 

1869. Mr. Charles Darwin. 


1880. Mr. Searles V. Wood. 

1861. Proffissor Dr. H. G. Brona. 

1862. Mr. R. A. 0. Godwin-AusieiL 

1863. Professor Gustav Bischot 

1864. Sir R, I. Murchison. 

1866. Dr. Thomas Davidson. 

1866. Sir Charles Lyell. 

1867. Mr. G. Poulett Scrope. 

1868. Professor Carl F. Kaumann 

1869. Dr. H. C. Sorby. 

1870. Professor G. P. Deshayes. 

1871. Sir A. C, Ramsay. 

1872. Professor J. D. Dana. 

1873. Sir P, de M. Grey-Egerton, 

1874. Professor Oswald Heer. 

1876. Professor L. G. de Koninck. 

1876. Professor T. H. Huxley. 

1877. Mr. Robert Mallet. 

1878. Dr. Thomas Wright. 

1879. Professor Bernhard Studer. 

1880. Professor Ai^yguste Daubr4e. 

1881. Professor P. Martin Duncan. 

1882. Dr. Franz Ritter von Hauer, 

1883. Dr. W. /l'. Blanford. 

1884. Professor Albert Gaudry. 
1886. Mr. George Busk. 

1886. Professor A. L, 0. Dea 

Cloizeaux. 

1887. Mr. J. W. Hulke, 





PBOClSSDIiraS of the oeologicax bociett. 


AWAEBS 

OF THE 

BALANCE OF THE PEOCEEDS OF THE WOLLASTON 
" DONATION-FUND.” 


tSSl. Mr. William Smith. 

Hr. William Lonsdale. 

|i894. H. Louis. Agassiz. 

Br. a. A. iSmtelL 
Professor G. P. Deshayes. 
SliHA Sir Eichard Owen. 

Professes 0. G. Ehrenberg. 
1640. Mr. J. De Carle Sowerby. 

1841. Professor Edward Forbes. 

1842. Professor John Morris. 

18^. Professor John Morris. 

1844. Mr. William Lonsdale. 

1845. Mr. Geddes Bain. 

1846. Mr. William Lonsdale. 

1847. M* Alcide d’Orbigny. 

1 } Cape-of-Good-Hope Fossils. 

1848. -j d’Orbigny. 

1849. Mr. William Lonsdale. 

1850. Professor John Morris. 

1851. M. Joachim Barrande. 

1852. Professor John Morris. 

1653. Professor L. G. de Koninck. 
185 A Dr. 8. P. Woodward. 

1855. Drs. G. and F. Sandberger. 

1856. Professor G. P. Deshayes. 

1857. Dr. 8. P. Woodward. 

1858. Mr. James paU. 

1850. Mr. Charles Peach. 

noflA J l^Jfofessor T. Eupert Jones. 
]Mr. W. K. Parker. 


1861. Professor A. Daubr4e. 

1862. Professor Oswald Heer. 

1863. Professor Ferdinand Senft. 

1864. Professor G. P. Dediayea. 

1865. Mr. J. W. Salter. 

1866. Dr. Henry Woodward. 

1867. Mr. W. H. Badly. 

1868. M. J, Bosquet. 

1869. Mr. W. Carruthers. 

1870. M. Marie Eouault. 

1871. Mr. E. Etheridge. 

1872. Dr. James CroU. 

1873. Professor J. W. Judd. 

1874. Dr. Henri Nyst, 

1875. Mr. L. C. Miall. 

1876. Professor Giuseppe Seguenza. 

1877. Mr. E. Etheridge, Jun. 

1878. Professor W. J. Sollas, 

1879. Mr. 8. Allport. 

1880. Mr. Thomas Davies. 

1881. Dr. E. H. Traquair. 

1882. Dr. G. J. Hinde. 

1883. Mr. John Milne. 

1884. IVIr. E. Tulley Newton. 

1885. Dr. Charles Callaway. 

1886. Mr. J. S. Gardner. 

1887. Mr. B. N. Peach. 



AI^TTAX BEFOBT. 


21 


AWARDS OF THE MURCHISON MEDAL 

AND OP THE 

PROCEEDS OF «THE MURCHISON GEOLOGICAL FUND,” 

ESTABLISHED X7NDEB THE WILL OP THE lATE 

SIB RODERICK IKPEY MURCHISON, Babt., F.RS.* KGR. 

To be in epeiy consecutiTe year in sucb manner as tbe 

of the Sodiety may deem most useful in advancing geological $caem^^ 
by granting sums of money to travellers in pm^mt of 
ledge, to authors of memoirs, or to persons actually employed in 
inquiries bearing upon the science of gpeology, or in- ^rewarding any 
such travellers, authors, or other persons, and the Medal to be giyen 
to some person to whom such Council shall grant any sum of money 
or recompense in respect of geological science.” 

1873. Mr, William Davies. Medal. 1881. Professor A. Geikie. MedaH* 

1873. Professor Oswald Heer, 1881. Mr. F. Rutley. 

1874. Dr. J. J. Bigshy. Medal. 1882. ProfessorJ.Gosselet. MedaL 

1874. Mr, Alfred Bell, 1882. Professor T, Rupert Jones. 

1874. Professor Ralph Tate. 1883. Professor H. R, Goppert, 

1876. Mr. W.J. Hen wood. Medal. Medal. 

1876, Professor H. G. Seeley. 1883. Mr. John Young. 

1870. Mr. A. RC.Selwyn. iifadoZ. 1884. Dr. H. Woodward. Medal. 
1870. Dr. James Croll. 1884. Mr. Martin Simpson. 

1877. Rev. W. B. Clarke. Medal. 1886. Dr. Ferdinand Romer. 

1877. Professor J. F. Blake. Medal. 

1878. Dr, H. B. Geinitz. Medal. 1885. Mr. Horace B. Woodward. 

1878. Professor C. Lapworth. 1880. Mr. W. Whitaker. MedaL 

1879. Professor F, M‘Coy. Medal. 1886. Mr. Clement Reid, 

1879. Mr. J. W. Kirkby. 1887. Rev. P. B.TBrodie. Medai. 

1880, Mr. R. Etheridge. Medal. 1837. Mr. Robert Kidston, 



rSOOEEDUTGS OP XHX OSOLOOIGAli BOCISTT. 
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AWABDS OF THE LYELL MEDAL 


A2n> OP ZHS 

3PB0OEEDS OF THE « LYELL GEOLOGICAL FUND,’’ 

f tXNDER THE W1X.L AKD CODICIL OP THE LATE 

" SIB OHAELBS LYELL, Baht., F.B.S., RG.S. 

Hie Medal to be given annually ” (or from time to time) as a mark of 
bonorary distinction as an expression on the part of the governing 
body of the Society that the Medallist has deserved well of the 
Science/’ — ^^not leas than one third of the annual interest [of the 
fund] to accompany the Medal, the remaining interest to be given in 
one or more portions at the discretion of the Ooimcil for the encou- 
ragement of Geology or of any of the allied sciences by which they 
shall consider Geology to have been most materially advanced.” 

1876. Professor John Morris. 1882. Dr. J. Lycett. Medal, 

Medal. 1882, Rev. Norman Glass. 

1877. Dr. James Hector. Medal. 1882. Professor C. Lapworth. 

1877. Mr, W, Pengelly. 1883. Dr. W. B. Carpenter. Medal. 

1878. Mr. G. Busk. Medal. 1883. Mr. P. II. Carpenter. 

1873. Dr, W. Waagen. 1883. M. E. Kigaux. 

1879. Professor Edmond Hubert. 1884. Dr. Joseph Leidy. Medal. 

Medal. 188'* I’rofessor Charles Lapworth, 

1879. Professor H. A. Nicholson. 1885. Professor H. G. Seeley, 

1879. Dr. Henry "Woodward. Medal. 

1880. Mr. John Evans. Medal. 3885. Mr. A. J. Jukes-Browne, 

1680. Professor F. Quenstedt. 1886. Mr. W. Pengelly. Medal. 

1881. Sir J. W. Dawson. Medal. 1886. Mr. D. Mackintosh. 

1881. Dr. Anton Fritsch. 1887. Mr. S. Allport. Medal. 

1881. Mr, G. R. Vine. 1887. Rev. Osmond Fisher. 



mVVAL BKPOBT. 




AWAEDS OF THE BIGSBY MEDAL, 

vovmmm 

. . mx J.BiaSBY;_F.E8^E^ 

To be atracrded Heniually as aa ackaotirledgiiieat of e^beat ooiNdcei 
m aay depATtoaenSfc trf Geology, irrei^eclave of tbe veoeirei^e eomxt^ ; 
but be most uot be older tban 4d years at Ms last birthday, ^us 
probably not too old for further work, and not too young to have done 
much,” 

1877. Professor O. O. Marsh. 1883. Br. Henry Hicks. 

1879. Professor E. B. Cope. 1885. Professor A^lphonse Renard. 

1881. Br. C. Barrois. 1887. Professor Charles Lapworth. 


AWARDS OF THE PROCEEDS OP THE BARLOW- 
JAMESON FUND, 

ESTABLISHED UNDER THE WILL OF THE LATE 

Br. H. C. barlow, P.G.S. 

** The perpetual interest to be applied every two or three years, as may 
be approved by the Council, to or for the advancement of Geological 
Science.” 

1880. Purchase of microscope. 1884. Br. Jameys Croll. 

1881. Purchase of microscope lamps. 1884. Professor Leo Lesquereux. 

1882. Baron C, von Ettingshausen. 1886. Br. H, J. Johnston-Lavis. 



PBOOSBDlSrCHI OP XHB OBOXOOICAL SOOIBXXi 
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Estimates for 

INCOME EXPECTED. 

£ «. €l. £ «. d* 

Due for Arrears of Annual Contributions 140 0 0 

Due for Arrears of Admission-fees 50 0 0 

190 0 0 

Estimated Ordinary Income for 1887 : — 

Annual Contributions from Resident Fellows, and Non- 
residents, 1859 to 1801 1400 0 0 

Admission-fees 189 0 0 

Compositions 108 0 0 

Annual Contributions in advance 21 0 0 

Dividends on Consols and Reduced 3 per Cents 237 0 0 

Sale of Transactions, Library-catalogue, Orme- 
rod’s Index, Hochstetter’s New Zealand, and 

List of Fellows 5 0 0 

Sale of Quarterly Journal, including Longman’s 

account 190 0 0 

Sale of Q-eological Map, including Stanford’s 

account 7 0 0 

202 0 0 


£24C7 0 0 


I'HOMAS WILTSHIRE, Tbeas. 



JTtmrOIAX. BSPOBT. 


m Year 1887. 


EXPBNDITUEB BSTIMATEB. 

£ a, d. 

House Expenditure : 

Taxes and Insurance .1 43 10 0 

Gas..., 22 0 O 

Fuel 30 0 0 

Furniture and Repairs * 15 0 0 

House-repairs and Maintenance 15 0 0 

Annual Cleaning 20 0 

Washing and Sundries 33 0 0 

Tea at Meetings 16 0 0 

Salaries and Wages : 

Assistant Secretary 350 0 0 

Assistants in Xiibrary, Office, and Museum ... 220 0 0 

House Steward 105 0 

Housemaid 40 0 0 

Errand Boy 46 16 0 

Charwoman and Occasional Assistance 30 0 0 

Attendants at Meetings 8 0 0 

Accountant 10 10 0 

Official Expenditure : 

Stationery 25 0 0 

Miscellaneous Printing 22 0 0 

Postages and other Expenses 65 0 0 


£ 8. d. 


194 10 0 


810 6 0 


112 0 0 


Library 160 

Publications : 

Quarterly Journal 950 0 0 

, „ Commission, Postage, 

and Addressing 90 Q Q 

List of Fellows 33 0 0 

Abstracts, including Postage 110 0 0 


1183 0 0 


Balance in favour of the Society 47 4 0 


£2497 0 0 


VOL. XLm, 



PBOOIOEDXErQe OIT TSB ^SOLOaiOAI. SOOllBTT. 

Income und Mscpenditwre during the 


BEOElpra 

£ s, d. 

In BaBkers’ hands, 1 J'anuaiy 1886 . 423 1 6 

in Clerk’s hands, 1 January 1886 . 14 4 4 


CdniposIMozia • 

Arrears of Admission-fees 100 16 0 

Admission-fees, 1886 189 0 0 


Arrears of Annual Contributions 


£ B. d. 

437 6 10 
210 0 0 


289 16 0 
145 16 0 


AtiTii^ftl Contributions for 1886, viz. ; 

Resident Fellows 1608 6 6 

Non-Besident Fellows ... 16 16 0 

1524 1 6 

Annual Contributions in advance 48 6 0 

Dividends on Consols 202 19 8 

,, Reduced 3 per Cents 33 13 6 

236 13 2 

Taylor & Francis ; Advertisements in J ournal, Yol. 41 . . 4 4 6 

Publications : 

Sale of Journal, Vols. 1-41 106 7 8 

Tol. 42 ♦ 82 6 9 

Sale of Library Catalogue 2 1 0 

Sale of G-eological Map 16 18 11 

Bale of Ormerod’s Index 2 18 8 

Sale of Hoobetetter’s New Zealand 0 12 0 

Sale of List of Fellows U 2 6 

209 6 6 

Journal Subscriptions in Advance 0 16 4 


*Due from Messrs. Longman, in addition to the 

above, on Journal, Yol. 41, &c 64 11 11 

Due from Stanford on account of Geological Map 10 0 


65 13 11 


^3106 5 10 

We have compared this statement 
with the Books and Accounts presented 
to us, and find them to agree. 

(Signed) L. FLETCHER, 1 ^ 

* -n/MJTrTXTcj/^xT y ^uaitors* 



XIKA]r<7XA£i BptOBT* 

Year ending 31 December, 1886 . 


*7 




House Expenditure*. 

Taxes 

Eire4hsuraDioe 

Gas..,....; 

Fuel. 

Furniture and Bepairs . 

Hoasd>repairB... 

Annual Cleaning ....... 

Waj^ng and Sundries . 
Tea at Meetings 


£ 

09 5 
14 5 

27 16 9 

28 4 8 


4. 

0 

0 


Salaries and Wages : 

Assistant Secretary 

Clerk, Representatives of late 

Assistants in Library, Office, and Museum. 

House Steward 

Housemaid 

Errand Boy 

Charwoman 

Attendants at Meetings 

Accountant’s Fee 


Official Expenditure ; 

Stationery 

Miscellaneous Printing 

Postages and other Expens^es * 


Library 

Publications ; 

Geological Map 

Journal, Vols. 1-41 

Vol. 42 755 14 1 

,, Commission, 


Li.st of Follows 

Abstracts, including Postage . 


Investment of .£250 Reduced 3 per Cents, 
at lOOJ 


Balance in ClerVs hands, 31 Dec. 1886 


. JLP 

. 29 

L2^ 

9 

LX 

5 

. 10 10 

0 

. 31 

8 

5 

. 15 

0 

0 

. 350 

0 

0 

. 18 

0 

0 

. 190 

0 

0 

.. ia5 

0 

0 

. 40 

0 

0 

. m 

0 

f> 

.. 23 

8 

6 

.. 7 

15 

0 

.. 10 10 

0 

.. 22 

9 

4 

.. 26 

4 

0 

.. 101 

15 

5 


14 

9 

2 

12 

12 

9 

844 

19 

11 

33 

12 

6 

109 

15 

0 





563 16 

10 

13 

2 

3 




210 11 0 


790 14 0 


150 8 9 
111 11 2 


1015 9 4 


250 12 6 


576 19 1 


£3106 5 10 
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THOMAS WILTSHIRE, Treat. 
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tte WdOtwtan QM Meaa to Mr* J, W. HmiiCi^ 
30li» l^jaftWJttST addressed lum as follows : — 

Mr, HiTtJGB, — 

It is a very pleasant duty wliicli I am called upon to perform in 
presenidng you with the Wollaston Medal, as a recognition of your 
great services to the study of Vertebrate Paleontology. A member 
of that honoured profession which has given to Geology — and espe- 
cially to the biological side of our science — so many diligent and 
accurate students, you have succeeded, in spite of the labours and 
anxieties incident to a very active career, devoted to the alleviation 
of human suffering and the training of others for the same duties, 
in finding time for very valuable researches among those wonderfol 
forms of Reptilian life which characterize the Mesozoic period. 
Xour hardly-earned vacations have been spent in the search of fossil 
bones among the mud-flais of Dorsetshire and the sandy cliffs of 
the Isle of Wight; and in this way jou have acquired an excep- 
tional amount of knowledge concerning the exact geological horizons 
and the mode of occurrence of the fossils ;yon have so admirably de- 
scribed. As by successive discoveries you have been able to add 
new details to your restoration of the bony framework of Iguanodon 
you must have experienced a joy akin to that of Creation ! But 
though you are best known to the world by these osteological re- 
searches, those who, like m} self, have had the happiness of being 
associated with you in the work of this Society, have discovered how 
wide is the knowledge, how catholic the s} ropathy, and how keen 
the interest with which you follow all the manifold developments of 
our Science. 

Mr. Hflxe, in reply, said ; — 

Mr. Pbesident, — 

I cannot find words adequately to express how highly I value the 
distinctioiL which the Council has this day, by your hands, conferred 
upon me. The pleasure I experience in rccehing it is in no small 
degree increased by the words of approbation which have fallen 
from your own lips. The Wollaston Medal is so truly great a 
prize, and the j;ioik I have done to meiit it has appeared to me so 
little in comparison with that accomplished by the long roll ot illus- 
trious men on whom in past time it has been bestowed, that I have 
fancied that (as occurred to Sir Philip Egeiton on a similar occasion) 
in awarding it to myself the Council may also have desired to mark 
their recognition of the labours of those who, whilst not devoting 
the chief part of their time and energy to the culture of that branch 
of Natural Science for the advancement of which our Society exists, 
yet endeavour in their leisure hours to do what in them lies to add 
to our common stock of knowledge. To you, Sir, to the CouncU, 
and to the Fellows^ I tender my warmest thanks. 
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AwAttB or mm Woxi^ij^ jy^vAxsov l^st^ 

The Twmpmf lA^eted Bakaeo Trooeedi hiI ^e 

Wolkefcon Boi&etioii Fm^i to BsivAicki; K* P«4CDtt* «3kd 

addroBoed bim a« follows i — 

Hr, Fbaok,-— 

In addition to yonr services to sciefnce as an officer of the Oeo- 
logical Survey of Scotland — and how important those services have 
been every geologist in recent years has had an opportunity of 
judging — you have, in conjunction with your ooUoaguo and friend^ 
Mr. Horne, devoted your holidays to arduous labour in studying the 
geology of the Orkneys and Shetlands. Both the glacial and the 
volcanic phenomena of those islands have been admirably elucidated 
by your joint researches. But besides your work in the field you 
have devoted much attention to paloeontological investigations ; aud 
your discoveries concerning the nature of the Carboniferous Arach- 
nids and their allies have justly excited very great interest. To 
aid you in the prosecution of such studies the Proceeds of the “Wol- 
laston Donation Fund have been awarded to you, and I feel sure that 
one circumstance in connexion with this Fund will make the award 
specially welcome to you. In the roU of names of those who have in 
previous years received this distinction, will be found one, honoured 
alike by you and by us, that of your lamented father, Mr. Charles 
Peach. » 

Mr. Peach, in reply, said : — 

Mr. President, — 

I desire to express my cordial thanks for the honour now con- 
ferred upon me. The pleasure derived from the pursuit of the 
researches indicated by you has more than compensated for my 
labour. It is, however, an additional gratification to me to know 
that my investigations have been deemed worthy of recognition by 
the Council of this Society. 


Award oe the Murchison Medad. , 

The President next presented the Murchison Medal to the Bev. 
P. B. Brodie, M.A., F.G.S., and addressed him as follows; — 

Mr. Brodie, — 

Never probably has an award of this Society been made to one 
who can look hack upon so long a record of faithful services to 
Geology as yourself. It is now 64 years ago since you became a 
Member of this Society, at a time when the Founder of the Mefial 
which has now been awarded to you, occupied the Presidential Chair. 



3^ 07 THIS GBOX^OaiOAX. SOCnCBT^ 

^ the date of your election the * Principles of Geology’ had but 
just appeared, ^hile Sedgwick and Murchison had not even com- 
menced their researches among the Palgeozoic rocks of Western 
Britain. A pupil of the great Cambridge professor and infected 
with his enthusiasm, you soon began to contribute to various 
scientific journals, our own among the number, and in 1845 your 
valuable ‘ History of Possil Insects’ — the first treatise of the kind 
published in any language — made its appearance. A dweller in the 
provinces, you have shown how the advancement of our Science may 
best be promoted under those conditions ; and in the field-clubs and 
local societies which have done so much for the study of geology in 
the West of England, where your homo lay, you have long been a 
prominent and very active worker. Your published papers on a 
great variety of subjects amount to more than 50, and only last 
year we were glad to welcome a fresh contribution from your pen, 
and to hear your clear exposition of it, as you stood before us with 
eye undimmed and with natural force unabated. The Council of 
this Society have adjudged you to be a worthy recipient of the 
Medal founded by their President of 1833. 


Mr. Brodie, in reply, said ; — 

Mr. President, — 

I receive. Sir, this mark of the approbation pf the Council with 
very great pleasure and grateful thanks ; and it was more gratify- 
ing because it took me quite by surprise. Alter searching the rocks 
for more than half a century, and having been a Eellow of this Society 
for 53 years, it might be expected that I should have done more to 
enlarge our knowledge of geology ; but of course my time was not 
entirely at my own disposal in this respect, and I could therefore 
only study Natural Science in the closet and the field during 
hours of leisure. As a proof that I have not been altogether idle, 
I have made during that time a large collection of fossils, number- 
ing twenty-three thousand specimens, named and arranged, more or 
less illustrating every formation in the British Isles. But of course 
a mere collection of fossils, though having a certain value, is of 
little worth without an accurate knowledge of the rocks and their 
organic contents. 

The award of the Murchison Medal is especially agreeable to 
me because I have had many pleasant and instructive days in 
the field with that distinguished geologist; but I do not forget 
that at Cambridge I was a pupil of the illustrious Sedgwick, 
to whom I owe a lasting debt of gratitude for the kind help and 
enoouragement which that great and good professor was ever ready 
to give to any student anxious to learn. In after years, I can with 
pardonable pride speak of him as my friend. When I made 
some ef my earlier disooveries of fossil insects and other organisms 
hai the Weyden Purbecks in the Yale of Wardour, I received a 
letter him in which he sfdd, you have made a good hit, go on 
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nnd prosper and this medal shows that I have so far done so. It 
is now more than half a century since I was admitted a Fellow of 
fMs Society, just before I went to college, and I know that some 
hesitation, and very properly, was felt wlxether I should take up 
.geology to any good or useful purpose. But mj’- kind proposer 
Kr. Ciiffc, the able Curator of the College of Surgeons, to whom I 
was well known, and where I often went as a student, would not 
give me up ; and this proof of the Society’s favour just received shows 
that he was not altogether mistaken. 

In my younger days, when I resided in London, I was a regular 
attendant at the meetings of this Society, then held in Somerset 
House, where I was a humble but (I hope) not inattentive listener 
to the papers read and the discussions which followed, and I recall 
with pleasure the many intellectual combats between the geological 
giants of those days. I regret that distance from London and the 
higher duties of my profession prevent my attending our meetings 
so often as I could wish ; but though now a septuagenarian, I am 
thankful to say that I can still hammer the rocks, and that my zeal 
and love for the noble science we all love so well has not abated ; 
but I fear I shall not be able to do much more to elucidate their 
history, though, if younger, this Medal would encourage me to make 
still further efforts ; and my chief regret is that, for reasons stated, I 
have not been able to do more to deserve the honour which the 
Society has kindly conferred upon me. I can only hope that the 
Society will pardon me for saying so much about myself. 


Awabd of the Murohison Geological Fund. 

In handing the Balance of the Proceeds of the Murchison Geo- 
logical Fund to Dr. Henry Woodward, F.H.S., for transmission to 
Mr. lioBERT Kidston, F.G.S., the President said ; — 

Dr. Woodward, — 

The Balance of the Murchison Fund has boon awarded by the 
Council of the Geological Society to Mr. Kidston, to aid him in bis 
important investigations among the fossil plants of the Palaeozoic 
periods. Mr. Ki&ton’s great knowledge of the extensive literature 
and the complicated synonymy of these forms is borne witness to 
by the valuable catalogue which he has prepared under your super- 
mteudeuoe, and which was issued only a few mouths ago by the 
Trustees of the British Museum ; a large number of remarkable 
memoirs have also shown his capacity for dealing with this difficult 
and intricate subject. In seek^g to extend our knowledge of the 
earliest forms of plant-life, Mr. Kidston seems determined to leave 
no museum un visited and no stone unturned, if perchance it should 
be found to exhibit emy traces of an ancient vegetation. I wili ask 
voIm XLiru 
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to oonvey to Mr. Eldston, with this Award, the hope of the* 
pO!i|lioiI that it may be of some assistance to him in enabling him 
^ prosecnte his researches. 

jDt. Woodwabd, in reply, said : — 

Mr. President, — 

It is with much pleasure that I am permitted to act as Mr. Kid- 
ston’s representatiTe here this day, and to receive for him, at your 
hands, the award of the Murchison Donation Pund. I am sure 
Mr. Kidston would, had it been possible, have been present in person 
to receive the award. He writes as follows : — 

I desire to express my thanks to the President and Council of 
the Geological Society for the honour they have conferred upon me 
in acknowledging my labours in Possil Botany, an honour which I 
beg to assure them I fully appreciate ; it is one which will act as a 
stimulus in my future investigations in Vegetable Paheontology. 
My aim has always been most carefully to work out X)ur palaeozoic 
flora, and in this spirit I hope to continue my labours, trusting that 
the results may be of use to others.’’ 


Award oe the Lteli. Medal. 

The President then handed the Lyell Medal to Prof. T, G. 
Bonnet, D.Sc., P.B.8., for transmission to Mr. Samuel Allport, 
P.G.S., and addressed him as follows ; — 

Prof. Bonnet, — 

It is to me an especially gratifying circumstance that it falls to 
my lot to deliver into your hands for transmission to Mr. Allport 
the Lyell Medal for the present year. Mr, Allport commenced the 
microscopical study of rocks at a time when the workers in that 
department of science were comparatively few, and when the road 
he had to travel was encumbered with difficulties and stumbiing- 
biocks which have now been, to a large extent, removed by the 
labours of many earnest and patient workers. It was at that time 
ray good fortime to know him, and to have frequent opportunities 
of admiring the perseverance and energy with which he carried on 
his researches. You have yourself from this Chair paid a warm 
and well-merited tribute to the generosity with which, at that time, 
he was always ready to assist his fellow-workers. The establish- 
hzent of one very important principle will always be associated with 
iSr. Allport’s labours, namely, that the apparent differences between 
igneous rocks of widely different geological periods are, to a 
eactent, due to the chsmges which the constituent mineral of 
undeigone since their origiiial formation. 
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His classic papers on the Archaean rhyolites of Shropshire and the 
Carboniferous dolerites of various parts of this country furnish^he 
clearest evidence of the truth of this principle, and in several 
thoughtful and logical essays he has very ably enforced it. On a 
great variety of other questions connected with Petrology his re- 
searches have added largely to our knowledge ; and the fine collec 
tionof rook-sections now in the National Museum, which were made 
by his own hands, bear striking testimony to his industry and skill. 

Prof. Bonnby, in reply, expressed his regret that Mr. Allport was 
unable to be present to receive this Medal from the hands of the 
President, but said that he found some consolation in the fact that he 
had thus an opportunity of most heartily endorsing what had been 
said by the President as to the great value of Mr. AUport^s own 
work, and of the kind assistance which he was always so ready to 
afford to his fellow-labourers in the field of Petrology. Prof. Bonney 
added that he should best thank the Society by reading to them a 
letter received from Mr. Allport, in which that gentleman wrote as 
follows : — 

“ I much regret to inform you that I shall be unable to attend 
the Anniversary Meeting of the Geological Society in consequence 
of the very unsatisfactory state of my health. I venture, therefore, 
to request that you will kindly express to the Council my very 
grateful sense of the honour they have conferred upon me by the 
award of the Lyell Medal. 

“ It is, I assure you, most gratifying to me that the name of Sir 
Charles Lyell should be associated with this award ; for I have not 
only ever regarded his character and scientific method with the 
greatest admiration, but it is undoubtedly to the study of his works 
that I am chiefly indebted for what little knowledge I possess of 
the principles of geological science.’’ 


Awakd op THE Ltele Geoeogical Fund. 

The Presideitt next presented the Balance of the Proceeds of the 
Lyell Geological Fund to the Rev. O. Fisher, M. A., F.G.S., and said ; — 

Mr. Fisher, — 

The Council of the Geological Society has awarded to you the 
balance of the Lyell Fund, in recognition of your great and long- 
continued services to our science. Nearly forty years ago you com- 
menced your well-known stratigraphical investigations among the 
Newer Jurassios of Dorsetshire and the Older Tertiaries of the Isle 
of Wight, your attention being subsequently directed to the Pliocene 
and Post-Tertiary beds of East Anglia. At a very early period in 
your career a predilection for the great problems of Physical Geo- 
logy began to manifest itself ; and for dealing with such problems 
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yfiUcur mathematical traming gave you obvious advantages. In these 
res^^rcbes^ however, which have been recorded in a number of sepa- 
rate memoirs, worthily crowned by the publication six years ago of 
your ‘ Physios of the Earth’s Crust,’ you have always maintained a 
just estimate of the proper sphere and necessary liWtations of the 
mathematical method of treatment as applied to such problems. 
Speaking of the processes j'ou have chosen to employ, you truly 
remark in the preface to your well-known work, “ When it is re- 
collected that, for the most part, we can assign only very hypothe- 
tical values to our symbols, it would be affectation to seek close 
results, which would, after all, have no greater value than those 
which claim to be only distant approximations.” In you we rejoice 
to see that the geologist has not been altogether lost in the mathe- 
matician, and that you have always kept in mind in your researches 
the weakness no less than the strength of the mathematical method. 


Mr. PisecEB, in reply, said : — 

Mr. pEEsroEXT, — 

It is no small gratification to me that the Society, through its 
Council, has expressed approbation of what I have done in the 
favourite study of a long life. I commenced geologizing almost 
before I can remember, when my uncle, the Rev. George Cookson, 
taught me to collect fossils in the cliffs of my native village of 
Oemington. My work in the field is now finished, and I geologize 
in my arm-chair out of my inner consciousness, but still, I hope, to 
some purpose. It appears to be rather these later attempts to un- 
ravel some of the physical riddles of our science (although my 
earlier observations in the field have not been forgotten) which have 
been thus handsomely recognized ; and, indeed, for my own part 
I think what I have done in applying mathematical methods to 
these geological problems has been my most useful labour. Never- 
theless I feel assured that my earlier work in the field has been of 
much service to me ; for no one can pretend to grapple usefuUy with 
the great problems of geology who has not personally studied the 
actu^ phenomena. It is in this respect that the greatest physicists 
of the ^y fail to give us the decided assistance which they might do 
had they a more accurate knowledge of the questions to be solved. 

We pass on the torch from hand to hand. Some of the ideas 
which I have tried to work out were suggested by conversations 
with honoured friends long gone to their rest — Sedgwick, Hopkins, 
Hiller, Phillips, and others. May I hope that when some one now 
young, in this assembly, receives a similar recognition of a similar 
life’s work, he may think of me as cm intermediate linTr connecting 
him with those earlier workers ? — a link which, whatever may be its 
intrinsio defects, and however inferior the metal, you have seen fit 
to gild with the Balance out of the munificent legacy of the great 



37 

AwAIO) OF THE BiaSBY MibsaIu 

In presenting the Bigeby Gold Medal to Prof. ChabiiEs Lapwobih, 
LL.D., P.G.8., the Pbesident said : — 

Professor Lapwobth,-^ 

The late Dr. Bigsby established a Medal to be awarded to one 
‘‘not too old for further work, and not too young to have done 
much.” That you admirably comply with the latter qualification 
every geologist knows ; but that your age could possibly fall below 
the limit prescribed by the founder of this Medal, anyone not per- 
sonally acquainted with you might be pardoned for doubting. In 
studying the difficult, but, to geologists, very important group of the 
Graptolites, in utilizing your knowledge of those remarkable fossils 
for unravelling the stratigraphical problems presented by the con- 
torted beds of the Scottish Borderland, and in applying the valuable 
experience thus acquired to the far more difficult examples of involved 
stratigraphy found in the county of Sutherland, you have exhibited 
a happy blending of those powers of patient observation and of bold 
generalization which are equally necessary for the man of science. 
Those who know you best will feel the least doubt concerning those 
“ favours to come ” in the shape of further work, the “ lively sense ” 
of which constitutes the staple of our gratitude to you to-day. 

Prof. Lapwobth, in reply, said : — 

Mr. President, — 

I am deeply sensible of the distinction which the Council of the 
Geological Society have conferred upon me in awarding mo the Bigsby 
Medal ; and I am grateful, indeed, for the generous words in w^liich 
you have referred to my geological work. If anything could add to 
the gratification with which 1 accept this award, it is that I receive 
it from the hands of one who, since the reading of my first paper 
before this Society, has been a staunch friend and a sympathetic 
adviser. I am a&aid that the Members of this Society are a little 
inclined to rate my geological labours somewhat higher than they 
deserve, and I regard this Medal less as a reward for what I have 
done in the past than as a stimulus and encouragement for the 
fnture. The pursuit of original research has always appeared 
to me to be the highest and most i>leasurable of enjoyments — ; 
and none the less pleasurable, as it has for years been associated in 
my mind with the unfailing interest, sympathy, and friendship 
accorded me by the Members of this Society. My leisure and means 
for work of this kind are, however, but small ; bub I am confident 
that th^e is no need for me to assure the Society that such leisure 
and powem as I possess will in the future be given to the service 
of that science to which we are all devoted. 
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THE ANNIYERSARY ADDRESS OE THE PBESIDENT, 
Professor J. W. Judd, E.R.S. 


0RRTDEHEK, 

My next duty is the sad one of glancing over our muster-roll, 
and taking note of the gaps left in our ranks by those who, since 
our last Anniversary, have fallen before the hand of death. 

In the Right Honourable Wildiam Widloughby Code, third Eabl 
of Enkiskildun, wc have lost a link with the past. He was elected 
a Eellow of this Society so far back £is the year 1828, and at the 
time of his death was with one exception our oldest Eellow — that 
exception being the truly Venerable Archdeacon Philpot, who was 
elected in 1821 , and who still survives as the ‘ father of the Society.’ 
Lord Cole, as he was called before the death ot his father in 1840, 
was born in 1807, and wtis educated at Harrow, and at Christchurch, 
Oxford. At the University he came under the influence and teach- 
ing of Buckland and Conybeare, and formed a friendship, which 
became a life-long one, with the late Sir Philip Egorton. The two 
friends determined to devote their attention to the colleciioji and 
study of fossil fishes, and with this end in view they travelled to- 
gether to Solenhofen, (Eningen, Monte Eolca, and other places, 
where the traces of ancient ichthyic life might bo sought for. Among 
the stores of specimens thus patiently collected during many years, 
both at home and abroad, Agassiz found ready to his hand the 
materials for his famous monographs. The Cole and Eger ton Col- 
lections, now appropriately united, occupy one of the galleries of 
our National Museum, forming the most suitable and enduring 
monument of the two friends, who were indeed “ lovclj^ and pleasant 
in their lives.” 

Lord Ennis&illen served upon the Council of this Society on many 
occasions between the years 1 832 and 1867. Of a singularly modest 
disposition, he did not contribute largely to the literature of science, 
his only published memoir being a catalogue of the Agassiziau types, 
no less than 154 in number, which existed in his collection ; this 
memoir concludes with a characteristic invitation to ichthyologists to 
Oome to Florence Court to study his collections. 

Xn spite of his sad infirmity, a constantly increasing weakness of 
vision, he found pleasure to the last in the pursuit of his favourite 
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Indies, passing away on the 2l8t November, 1886, in the 8Xst year 
of his age. Until disabled by age and blindness, his tall form and 
oheerful voice were among the most familiar to those who frequented 
the Society’s apartments ; and amid the older Fellows of this 
Society, a large circle of friends look back with sadness when they 
remember tbp heartj’^ joviality, the warm friendship, and the un- 
bounded hospitality which distinguished this “ fine old , English 
gentleman.” 

Sir 0 SABLES James Fox Bunbttbt, Hart., was the son of Sir Henry 
Bunbury (one of the earliest members of our Society, who contri- 
buted a paper to the * Transactions ’ in 1822) by his first wife, who 
was a niece of Charles James Fox. Charles Bunbury, who was 
born at Messina in 1809, appears to have early imbibed a taste for 
botanical studies, and after leaving Trinity College, Cambridge, he 
at the end of 1837 accompanied his friend Sir George Napier to the 
Cape of Good Hope, making during his year’s residence in that 
colony a number of excursions into the interior in search of rare 
plants. The results of these researches were published by Sir 
William Hooker, in the ‘ London Journal of Botany and in 1848 
there appeared the ‘Journal of a Residence at the Cape of Good 
Hope’ by Mr. Bunbury, with an Appendix by his friend Sir John 
Herschel. After his return to England, Mr. Bunbury married, 
in 1844, Frances, the second daughter of Mr. Leonard Horner, and 
the sister of Lady Lyell. He still continued to devote* much time 
to botanical pursuits, and took up very eagerly the study of fossil 
plants. At one time he ajjpears to have contemplated either the 
bringing out of a new edition of lindley and Hutton’s well-known 
treatise, or the preparation of a fresh work on something like the 
same lines. Although this design was never carried out, a num- 
ber of valuable papers on fossil plants, contributed by Mr. Bunbury 
to our own and other Journals, serve to show what qualifications he 
possessed for such a task. As the describer of plants collected by 
Lyell during his two visits to the United States, and as the constant 
adviser of the author of * The Principles of Geology ’ upon botanical 
'questions. Sir Charles Bunbury will perhaps be best remembered by 
geologists in the future. He accompanied Lyell to Madeira in 1863 
and studied the botany of the island while his friend was occupied 
with the geology. He at one time took an active part in the 
management of the affairs of this Society, of which he was elected a 
Fellow in 1837 ; between 1846 and 1862 he frequently occupied a 
^eat at i3ie Council table, and from 1847 to 1863 was out Foreign 
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Beeretar^r. Sir Charles Bimbnry will always be recognized as one of 
likib ableed: pioneers in the study of fossil plants. 

Mr. CsoBOE Bush was bom in the year 1807. Destined by his 
lather, who resided in St, Petersburg, for the medical profession, he 
early showed signs of those scientific tastes by which his after 
life was distinguished. On the completion of his medical education 
he was appointed surgeon to the Seamen’s Hospital-ship ‘Dread- 
nought,’ and after 25 years of useful labour he retired from that 
post with the object of devoting himself entirely to scientific pursuits. 
One of the first-fruits of the leisure thus secured was seen in his 
< Catalogue of Polyzoa in the British Museum,’ which appeared in 
1 852-54, and his splendid monograph on the fossil Polyzoa of the Crag, 
published by the PalsBontographical Society in 1859. This work had 
been originally undertaken by Jules Haimo, and the materials for it 
were found in the rich coUeotions of Searles Wood and Bowerbank. 
In this work Mr. Busk showed the value of an exact and extensive 
knowledge of recent forms to a palaeontologist in explaining the 
fossil representat'-^ ©8 of any group, for on all questions connected with 
the anatomy anu physiology of the lowest division of the molluscan 
series Mr. Busk was recognized by biologists as the highest authority. 

In 1863, accompanied by several other English geologists, Mr. 
Busk attended the Conference called together to discuss the qu^tion 
of the age and authenticity of the human jaw found at Moulin 
Quignon, and in this way his attention appears to have been directed 
to a very important class of geological problems. In the followdng 
year he proceeded to Gibraltar with Dr. Ealconer, for the purpose 
of investigating the fauna preserved in the bone-caves of that 
place. 

From this time we find Mr. Busk devoting much of his time and 
attention to the study of the post-Tertiary Mammalia derived from 
bone-caves and similar situations. His papers on the relations of the 
cH^nct Bears to recent species are well known, and he also wrote 
papers on MepTuis, Hyama^ and Mhinoceros, He gave his valuable 
assistance to Professor Prestwich in the study of the bones found in 
tJxe Brixham Cave, and to Colonel Lane Fox by describing the 
boi:l08 found in the valley-deposits of Acton and Tumham Green. 

JOuwg the latter part of his life, Mr. Busk took much interest in 
et^dogical questions, and was an active member of the Anthro- 
poiofical Institute. 

l%ls is not the place for attempting to estimate the value of Mr. 

contributions to Biological Science, or of his actxre* 
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and nse:^ career in connexion with the College of burgeons and 
other Medical Institutions. The judgment of his contemporaries 
upon his work was manifested by his election in 1850 as a Fellow 
of the Boyal Society, and by his receiving a Royal Medal from that 
Society in 1871 ; he also served as a Member of the Council and 
Vice-President of the Royal Society, Of our own Society he was 
elected a Fellow in 1859, and he twice served upon the Council ; in 
1878 the Lyell Medal was awarded to him, and the year before his 
death Mr. Busk received the “ blue ribbon ” of our Society in the 
form of the Wollaston Medal. During the latter years of his life he 
filled the ofiice of Inspector of Medical Schools and Physiological 
Laboratories, under the Cruelty to Animals Act. After a lingering 
illness he passed away on the 10th of August, 1886, in his 80th year. 

All who knew Mr. Busk will acknowledge the justice of the 
following estimate of his character by his life-long friend Dr. Allman : 

A single-minded, true-hearted man, a warm friend, and an able 
and accomplished naturalist.^’ 

In those of whom I have already spoken wo i ’e had to sigh 
over the passing away of men whose strength had already been 
quenched in the labour and sorrow of fourscore years ; but in Jonsr 
Authitr pHiiiLiPs we have lost one of our most active members, fallen 
untimely, — his work, as we fondly thought, still far fromfinished. 

Mr. Phillips was bom, in November 1822, at Polgooth, near St. 
Austell, Cornwall, his family being connected with the important 
tin-mine at that place, and it was in Cornwall that the days of his 
early education were passed. When twenty years of age, the true 
bent of his mind was indicated by his preparing for the Annual 
Exhibition of the Cornwall Polytechnic Society a specimen of fine 
lace delicately covered with a deposit of copper, by . the then new 
process of electro-metallurgy, and for this he received the first 
prize. On this occasion young Phillips would seem to have made 
the acquaintance of Robert Were Fox, and for a, time to have 
assisted him in making experiments upon the electrical condition 
of mineral veins. 

Feeling very strongly, however, the necessity of a thorough 
scientific training, Mr. Phillips determined to go to Paris and study 
at the Ecole des Mines, there being at that time no institution in 
this country where a similar course of instruction could be obtained. 
After passing through the curriculum of the celebrated French 
school and receiving its diploma, Mr. Phillips obtained employment 
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> ika; in one of the kjrgest French collieries, where he gained 

ibdlisiderable experience in conducting mining operations. 

On his return to England, Mr. Phillips was appointed Chemist to 
an Admiralty Commission, then engaged in making inquiries con- 
cerning the coals best suited for use in marine boilers, this 
commission being under the direction of Sir Henry de la Beche and 
Dr. Lyon Playfair. The completion of this work set Mr. Phillips 
free to establish a private chemical laboratory, and to enter upon 
profession of a consulting engineer in connexion with mining 
and metallurgical operations. In this capacity he, during the next 
twenty years of his life, enjoyed abundant opportunities for travel 
and study — gathering vast stores of knowledge concerning the 
mode of occurrence of all kinds of mineral deposits in various parts 
of North America, Europe, and Northern Africa. The fruits of his 
wide experience on technological questions were given to the world 
in a number of X)aper8 published in the ‘ Chemical News,’ the ‘ Philoso- 
phical Magazine ’ and other journals, but more especially in several 
well-known treatises. In 1852 he wrote, for the ‘ Encyclopaedia 
Metropolitana/ a “Manual of Metallurgy,” which after passing 
through three editions, gave place to the more ‘extended ‘ Elements of 
Metallurgy,’ published in 1874, of which a second edition was being 
prepared with the cooperation of our Vice-President, Mr. Bauermann, 
at the time of the author’s death. Mr. Phillips had at an early date 
also written instructions on Gold-mining, based on his extensive 
experience in California and other countries, and in 1867 appeared 
his very valuable treatise ‘ The Mining and Metallurgy of Gold and 
Silver.’ Mr. Phillips’s most important scientific work, however 
was * A Treatise on Ore Deposits,’ which was published as recently 
as 1884. In all of these works, and especially the last, geologists 
will find large stores of valuable information, arranged in a skilful 
manner ; and everywhere they must be struck with the rich fund 
of knowledge which was at the command of the accomplished and 
widely-travelle»d author. 

Mr. Phillips had already passed the period of middle life before 
he found an opportunity of devoting himself to those valuable 
\petrogrephical researches with which his name will bo chiefly 
identified by geologists in the future. But he came to this work 
^fh a mind stored with facts and observations gathered in his 
m journeys, with the skill of a practical demist and the 

of an excellent mineralogist; and all these were com- 
his fifty years, with an almost bo3iBh enthusiasm. 



43 


AlOilVEBdABT ABBBBSS OB THB PaEUSSIOBlTC* 

In 1872 lie joined tMs Society, and at once perceiving the land of 
promise lying open to the student of the microscopical structure of 
rocks, he set to work to educate himself in making transparent 
rook-sections. I well remember his ardour in these early days of 
his work, and the glee with which he assured me that he had so far 
perfected his arrangements for rook-slicing and grinding that he 
was ready to supply mo, if I needed them, with sections “ as large 
as slices of bread and butter ” ! 

The fruits of this devotion of his well-earned leisure to original 
research were soon seen in the valuable series of papers on the 
rocks of his native county, published by Mr. Phillips between 1875 
and 1878. Taking as the basis of his studies the field-observations 
of Be la Beche, for whose work he always felt and expressed the 
greatest admiration, ho prepared a series of very remarkable 
monographs, dealing especially with the very heterogeneous group 
of rocks that had been called “ Greenstones,” which be clearly 
showed to include materials of very different origin. 

Mr. Phillips was by no means the man to think that the 
microscope — valuable as he proved it to be in bis studies — ought to 
supplant all other methods of research ; on the contrary, he seems 
to have been always on his guard against permitting a very useful 
servant, as the microscope undoubtedly is, to become a despotic 
master. Every one who reads his memoirs must be impressed alike 
by his many-sidedness and his industry. In his papers on the 
Cornish rooks were included the results of over sixty complete 
chemical analyses, which he performed in his own laboratory ; he 
made many hundreds of slices of tlie rocks, cutting them in various 
directions as best suited his purpose, and he visited and revisited 
the localities till he had satisfied himself, beyond possibility of doubt, 
of the correctness of his field-observations. 

In one respect, perhaps, Mr. Phillips scarcely did himself full 
justice. Among the laborious and conscientious details of his obser- 
vations many very valuable generalizations may b^ found buried 
which well deserved to bo brought out into greater prominence. 
His observations upon the paramorphic change of augite into horn- 
blende, and the various ways in which this change takes place, his 
recognition of the fact that massive augitio rocks are converted into 
hornblende-schists, his demonstration that many of the liquid- 
oavities found in quartz and other minerals are of secondary orifjdO) 
these were all announced and thmr suggestiveness fully appre- 
4natad by this oarefhl and Jionest worker. His resefurches among 



44 PBOosio^XKres <m tct ^eoxooxcax dooiETr, 

iibe Comish loaka, thotigh the principal, were by no means his only 
ones. A very thoughtful and suggestive essay on The Physical 
History of Grits and Sandstones," and another on “ Enclosures in 
Granite,” in which he admirably investigates the nature and origin 
of Uie different varieties of these w^ell-known phenomena, must bo 
still "^resh in the mind of every one present. 

Mr. Phillips was elected a Fellow of the Koyal Society in 1881. 
He died suddenly, from an affection of the heart, on the 4th January, 
1887, and was buried at St. Mewan’s, Cornwall. 

His sturdy integrity of character, combined with great knowledge 
of the world, made Mr. Phillips an invaluable member of the 
Council of this Society ; and during the last two years he worthily 
filled the office of Yice-President. His generosity in communicating 
his results to fellow-workers and in aiding them out of his vast 
stores of knowledge are familiar to all of us. Those who know the 
amount of time and labour involved in making accurate analyses of 
rocks and minerals can best appreciate the readiness with which he 
at aU times offered to undertake this task for his friends. Although 
I know that many around me must cherish similar recollections of 
the kindness of heart which distinguished our late colleague, I 
cannot forbear referring to my own personal experience of it. His 
early association with Sir Henry Do la Beche secured for the Hoyal 
School of Mines (the child of Do la Bechets old ago) the warmest 
sympathy of Mr. Phillips ; he had felt the want of such a school in 
his own youth, and he gladly sent his only son to be educated there. 
Both my predecessor. Professor Bamsay, and myself have had many 
proofs of this kindly interest; and any particularly instructive 
specimen or section was to the last brought and presented with the 
kindly intimation “ You will find it of some use in teaching your 
young men ” ! It will be long, indeed, before we forget the tact 
fand courtesy, the soundness of judgment, and the warmth of heart 
which ever distinguished our departed friend. 

• 

In Mr. Hbeby Michaei. Jeijkins we regret the loss of one to 
whose great literary abilities, business habits, and marvellous energy 
our Soeiety has in the past been greatly indebted. Born near XJan- 
'daff, on the 30th of June, 1841, Mr. Jenkins had the misfortune to- 
l^.his father in infancy, and was compelled to enter very early 
the stem battle of life — and this in spite of an asthmatical 
vumBotiiou which, emrly developing itself, compelled him, while still a 
M voyage to West Goast of Africa. His great <»pa- 
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-city for business had already manifested itself whenj in 1861, he 
fortunately attracted the attention of Professor T. Rupert Jmies, 
then our Assistant-Secretary and Editor ; and, upon his recommen- 
dation, young Jenkins was appointed, in the first place a temporary 
and afterwards a permanent assistant in the library and mnseum. 
So diligently did he devote himself to the study of various branches 
of science, by attending the classes at Icing’s College during his 
leisure hours, and so rapidly did he acquire a knowledge of foreign 
languages and skill in literary work, that, when Professor Rupert 
Jones retired in 1862, Mr. Jenkins, though at that time only 21 
years of age, was appointed by the Council to the responsible post 
of Assistant- Secretary and Editor. Very admirably did he justify 
the confidence thus placed in him, and for six years he served the 
Society with conspicuous ability, not only editing the Journal, but, 
during a part of the time, managing with great skill the financial 
afiairs of the Society. 

It was during this time that Mr. Jenkins began to devote his 
attention to the study of the Tertiary and Recent MoUusca, and he 
contributed papers on this and other subjects to our Journal, to the 
* Qnarterly Journal of Science,’ to the ‘ Geological Magazine,’ and to 
other periodicals, many of these papers being of the highest promise. 
With Professor P. M. Duncan, E.R.S., he was associated in the 
study of the remarkable fossil known as Palceocoryne, the description 
of which was published by the two authors in the ‘ Philosophical 
Transactions ’ for 1869. 

So greatly did the energy and ability of Mr. Jenkins impress all 
those with whom he came in contact, that at the end of 1868 he 
was selected for the important and responsible post of Secretary to 
the Royal Agricultural Society of England, and editor of that 
Society’s journal. Into the duties connected with this new sphere 
of labour, where his great power of organization and literary facility 
found such ample scope, he threw himself with characteristic energy ; 
but to these new fields of labour we must not follow him. I cannot, 
however, forbear quoting the appreciative remarks of one of our own 
Fellows, Professor Fream, concerning the manner in which Mr. 
Jenkins made his geological knowledge and experience of service to 
him in his new career as an agriculturist 

«As might be expected, the fruits of his early scientific expe- 
rience are discernible in many of his papers. Particularly is this 
the case in his dear and accurate descriptions of the geological 
jfeatures of the districts of the farms he reported upon in 1869, of 
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the pri«e-&rmL district around Oacford in 1870, of the geology of 
Bel^uin, and of Sweden and Norway. In his repoi*t upon Denmark 
:he pointed out how each of the geological formations in that country 
is characterized by a distinctive system of agriculture.’^ 

Mr* Jenkins was elected a Fellow of this Society in 1863, and, in 
spite of ever multiplying and distracting occupations, he always 
look the warmest interest in our aiFairs. To the trying disease 
against which he had struggled so manfully, he at last fell a victim, 
passing away last Christmas eve at the early age of 45. Few men 
have accomplished so much work in so short a time and under such 
adverse conditions. At his open grave the prince who presided over 
the great Society which he served so faithfully, and the farmers and 
peasants whose interests he had spent so large a share of his life in 
promoting, were alike represented ; but among those who mourned 
his loss there were none who felt it more keenly than his early 
friends and fellow- workers of the Geological Societ5\ 

Dr. Hakvet Buchanat!^ Holi, was born at Worcester on the 28th 
of September, 1820, and received bis early education in that town 
and at Birmingham. When only 17 years of age he met Sir Henry 
Be la Beche, whom he accompanied for six months while engaged 
in his important studios of the geology of Cornwall and Devon. De 
la Beche seems to have formed such a high opinion of the abilities 
of the young geologist that he recommended him to the notice of 
Professor Eogers, and the result was that young HoU found employ- 
ment for three years on the Geological Survey of Pennsylvania, 
afterwards travelling for a year in the United States on his own 
account. From the pupil of such nSasters as De la Beche and 
Eogers good services to geological science might be looked for ; nor 
was the expectation disappointed. After returning to England and 
taking his medical degree. Dr. Holl accompanied the British Army 
to the Crimea, remaining there till the end of the campaign. For 
some time after his return he practised his profession in London ; 
but in 1862«ho retired to Malvern, and in the same year became a 
Fellow of this Society. It was then that he found time for the 
carry ing out of his valuable studies on the geology of the Malvern 
Hills. In opposition to Murchison’s views, he maintained the non- 
intxusive character and the Archman age of these rocks, constituting 
himself a pioneer in the study of those isolated portions of the pre- 
Oambnan floor of Britain which have been uncovered by denudation, 
surd durmg recent years, have attracted so large a share of 

the ktt^tion of geologists^ 
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other important papers on stratigraphical geology wbloh he contri- 
buted to our Journal were those on the correlation of the several 
diviaions of the Inferior Oolite in the Middle and South of England, 
and on the older rocks of South Devon and Cornwall. He also 
published a number of papers on fossil sponges and Entomostraoa, 
the latter with the cooperation of Professor T. Bupert Jones. 

When ill-health prevented him from continuing his work among 
he Field-Clubs of the west of England; of which he had so long 
been a most active member, he retired to his native town, still with 
microscope and pencil carrying on his labours among the minute 
fossils which he had studied with such loving care. 

Dr, Holl succumbed to the effects of heart-disease on September 
1 1th, 1886, and in him we have to mourn the loss of one who has 
greatly contributed to the advance of geological knowledge in a 
number of widely different fields. 

In Mr. Caleb Evaes we have lost another of those hard-working 
amateurs to whose exertions the advance of geological science has 
l)een so largely due. He was born in July 1831, and educated at 
University College School. He lost his father while still young, and 
after being educated as a solicitor, received in the year 1852 an 
appointment in the Chancery Pay Office, which he retained till 1882, 
when compelled to retire through ill-health. Mr. Evans was a 
remarkable example of what can be accomplished by an ardent 
student of Nature, even when his lot in life happens to be cast in 
the heart of this human wilderness of London. Having taken up 
the study of geology in 1855, he found among the excavations for 
ihe now sewers in this city, and in unfinished cuttings of railways 
leading from it, abundant opportunities for the collection and study 
of fossils, supplementing this work by researches carried on at the 
seaside during his vacations. In this way he accumulated a large 
and valuable collection, some important type specimens from which 
were bequeathed by him to this Society, He took a very active 
part in the work of that very useful body the Geologists’ Association, 
of which he was one of the earliest members, and to its Proceedings 
nearly all his papers were communicated. His most notable con- 
tribution to geological literature was the well-known paper “On 
some sections of Chalk between Croydon and Oxtead, with Obser- 
vations on the Classification of the Chalk,” in which there was made 
the first attempt in this country to base a classification of the beds 
of the Chalk upon palaeontological data. This memoir, which 
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essayed to do for England what Prof. Hubert did for France, has 
formed the basis of much excellent work since accomplished by 
M. Barrois, Mr. Jukes-Browne, and other geologists. With this 
important question of the classification of the Chalk strata Mr. Evans’s 
name will ever be honourably associated, giving him as it does an 
undisputed claim to a niche in our Geological Temple of Fame. 
Happy to the end in the study of Nature, to which he devoted his 
last years of physical weakness and decline, he passed away in his 
home at Hampstead on the 16th September, 1886. 

From a remote Devonshire rectory we have received two papers, 
short but full of promise, from the pen of the Bov. William Downes. 
These papers showed that the Society had secured, by his election in 
1872, the aid of an able student of the very interesting Cretaceous 
rocks of the West of England, and one who had exceptional oppor- 
tunities for their detailed investigation. We have, alas! to record 
his death on the 12th October, 1886, at the age of 48. 

Professor Frederick Guthrie, F.B.S., the eminent physicist, who 
died on the 21st October, 1886, had been for some years a Fellow of 
this Society. Some of his researches upon phj^sical questions, 
especially those bearing upon the continuity between the states of 
solution and fusion, have an important bearing on geological 
problems, and these their author clearly saw and forcibly pointed 
out. Born in London in 1833, Dr. Guthrie was educated at Uni- 
versity College School and University College, receiving a further 
chemical training in the Universities of Marburg and Heidelberg. 
Acting first as demonstrator to Dr. Frankland at Manchester, and then 
to Sir Lyon Playfair at Edinburgh, he became Professor of Ph5^sics 
at Mauritius ; afterwards, succeeding Dr. Tyndall, he obtained the 
appointment which he so worthily filled at the time of his death, 
that of Professor of Physics in the Normal School of Science and 
Boyal School of Minca. His deatli at the early age of 52, which 
resulted from a morbid growth in the throat, has deprived science of 
an enthusiastic and ingenious student, and his colleagues of a much- 
loved friend and coadjutor. One of these, who knew him well, has 
aptly compared his whimsical admixture of simplicity and wisdom, 
of kindliness with pungent but never caustic humour, to the 
immortal character of Uncle Toby. 

In Mr. Arthur Grots we have lost one of those valuable members 
who, after long service in our Indian Empire, return with wide 
knowledge and ripe experience, ready to be placed at the service of 
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the scientific societies of their native land. Mr. Grote, who was a 
younger brother of the historian, was bom on the 29th November, 
1814, at Beckenham in Kent ; from 1833 to 1868 he was a member 
of the Indian Civil Service, at the end of his career occupying one 
of the highest administrative posts in the Bengal Presidency. He 
joined this Society in 1846, and after his retirement from official 
life found satisfaction for his scientific tastes and sj^mpathies in 
attending the meetings and assisting in the administration of the 
affairs of the lioyal Asiatic, the Zoological, and the Linnean Societies, 
as well as of our own. A man of charming manner and most amiable 
oharacter, his presence will be missed by a large circle of scientific 
friends. 

Prom our Foreign list we have been compelled to erase the 
honoured names of Abich, Guiscardi, and Cornet. 

Dr. Hermank Arich was born in Berlin, lltb December, 1806. 
He first became known to the scientific world by his careful chemical 
analyses of the spinels and other minerals ; but he afterwards 
devoted his attention to the study of volcanic phenomena, and in 
this connexion his investigations on the chemical composition of the 
gases of fumaroles and of the dejmsits which are found on the sides 
of volcanic vents are of especial value. He was a warm advocate 
of Von Buch’s theory of “ Erhebungseratere,’’ and though few 
geologists at the present time will be found ready to accept his 
arguments on this subject, every one must admire the careful 
observations on the structure of volcanoes which he brought together 
in several well-known works. In 1837 appeared his ‘ Vues 
lUustratives de Phenom^nes Geologiques observes sur le Vesuve ct 
PEtna pendant les Annees 1833 et 1834,’ and in 1841 his ‘ Geolo- 
gische Beobachtungen fiber die Natur und den Zusammenhang der 
vulkanischen Bildungen.’ Having been appointed Professor of 
Mineralogy at Dorpat, Abich’s attention was directed to the study 
of the geology and mineralogy of different parts of the vast liussian 
Empire. He subsequently removed to Tiflis, and from that time his 
studies were chiefly devoted to the elucidation of the geological 
structure of the Caucasus and surrounding districts. So long ago 
as 1857 he was elected a Foreign Member of this Society. The last 
few years of his life were spent at Vienna, where he was engaged 
in embodying the results of his numerous researches in a great 
monograph entitled ‘ Geologische Forschungen in den kaukasischen 
Landern,’ of which one part only has as yet appeared. He passed 
nway on July 1st, 1886, in his 80th year. 

VOL. € 



$6, PBOCIB3BBIK6H8 OP TiOl GEOLOaiCAL 9O0IET^^ 

JGNrtoPm who was bom in Naples in March 1821^ 

r^i^ odn<^iod for the profession of an architect. When Ibe was 24 
|sites of age, however, the meeting of a Scientific Congress at 
< llap^s, ^hi^ he attended in order to learn something about 
; %^d|ding«^hiaterials, seems to have directed his attention to the 
ati^hing to geological studies. Entering the class of the 
nufieralc^st Professor Scaochi in the University of Naples^ 

^ became the most distinguished of his pupils. The 
tii 1848 found the young geologist in the ranks of the 
afetiny which endeavoured to overthrow the Bourbon dynasty in 
Naples ; but on the failure of that attempt, he retired to a private 
life of intense study for the next twelve years. The victory of the 
national cause, to which he was so greatly attached, came at last, 
however, and he was then in 1860 appointed Professor of Geology 
in the University of Naples, a post which he retained till the time 
of his death. Professor Guiscardi was a man of very wide culture 
and extensive knowledge, as was shown by his palseontological 
papers on the genera Nemta and Atiiria^ on the family of the 
Rudistes, and those on the fossils found in blocks ejected from 
Tesuvius, by his potrographical papers on the rocks of Yesuvius and 
the PhlogroBan fields, and by his chemical researches on the gases 
escaping from volcanic vents. He was elected a Foreign Corre- 
spondent of this Society in 1879. Many of our members can bear 
testimony to the cordiality with which foreign students of his science 
were always welcomed at Naples by our esteemed Correspondent, 
who ever showed himself read)’ to assist them in their researches ; 
I can myself never forget the kindness which I received from one 
with whom T contracted a warm friendship. For some years past an 
affection of the eyes had caused him much suffering and anxiety, and 
he died at Naples on the 11th December, 1885, at the age of 64. 

Fran-^ois Leopold Cornet was bom at Givry in Belgium on the 
21 st February, 1834. At the age of 16 he entered as a student the 
** Ecole des Mines ” of Hainault, and, obtaining his diploma in 1853, 
became a mining engineer. For some years he was engaged in the 
direction of the operations of several coal-mines, and in this capacity 
he introduced two notable improvements into the working of the 
Belgian collieries, namely the employment of compressed air as a 
motive power, and the use of the endless chain for transport 
purposes. Forming the acquaintance of another mining engineer, 
M. A. Briart, now an esteemed Foreign Correspondent of this Sodety,, 
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H. Cornet entered with him into a scientific partnership, and from 
this time forth all the valuable geological researches which they 
carried on were published under their joint names. In 1865 they 
announced the discovery o£ an older series of Eocene strata than 
had hitherto been recognized, and in subsequent papers the strati- 
graphy and palsBontology of these most ancient m^bers of the 
Tertiary series 6tnd of the underlying Cretaceous rooks were carefhlly 
elaborated* These papers were, however, interspersed with others 
bearing upon anthropological questions and on the Carbonif^ous 
strata of Belgium* During the later years of his life M. Comet was 
engaged in developing the remarkable industry which had arisen in 
Mons through the working of the phosphate beds of the Chalk. In 
1883 he was elected one of our Foreign Correspondents, and only 
last year he contributed to our Journal a very valuable paper 
describing the Cretaceous strata of Mons which contain the remark- 
able deposits of phosphate of lime. Little did we think at the time 
that this was the last communication which would come from his 
hands, but in January last wo received the sad news of his death at 
the age of 53. 

The Report of tho Council indicates a very flourishing condition 
of our affairs — ^both in respect to the number of our Fellows and the 
state of our finances ; but I need scarcely remind you that, 
gratifying as these circumstances are, the true index of the well- 
being of our Society is to be found in tho amount and importance 
of the original work done by its members, as shown by the contents 
of our annual volume. During the past year the number of papers 
submitted to the Society has been at least as largo as in any 
previous year, and I am persuaded that when tried by the test of 
time there will be found to be no falling off in their scientific value. 

In a year when so much attention has been directed to our 
Colonial and Indian possessions, and when we have had the pleasure 
of greeting in this room some of our most active members, who are 
citizens of the Greater Britain beyond the seas, it is not surprising that 
communications bearing on tho geology of these British “ outliers ’’ 
have been as numerous and valuable as they were welcome. 

The Societies which occupy common ground with ourselves — our 
valued auxiliaries the Palaeontographical Society, the Mineralogical 
Society, and the Geologists’ Association — have well kept pace in 
the ever-forward movements of the past year ; the numerous 
provincial Geological Societies and Field-clubs have all aided in 

e2 
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ivISH^iw^tog «fc Eljorijer InterralB ttian onr own Journal, haa satisfied 
I im tlio tei|uir^eiits of the light skirmishers of our army, 
f The two great state-supported institutions to which Geologists 
’ elways look frar aid in their work have not been wanting in effort 
since our last Anniversary. 

The Geological Survey has already completed the one-inch map of 
England, that of Ireland will be finished during the next year, 
while their last great remaining task — the important one of mapping 
the Scottish Highlands — is being vigorously attacked both from 
the north and the south. Yaluable work of revision in the country 
already surveyed is also being pressed forward, the most notable 
achievement in this way during the past year being the complete 
confirmation by Mr. Clement Bcid of Professor Prestwich’s important 
discovery, which was made in 1857, of the existence of Pliocene 
outliers on the North Downs. 

Nor has the Natural History department of the British Museum 
been behind its sister institution in the work it ha^ accomplished. 
The rearrangement of the palaeontological and mineral collections, 
under more favourable conditions of space and light, has gone on 
steadily ; valuable monographs like those of Dr. Hinde on the fossil 
sponges, and of Mr. B. Etheridge, jun., and Mr. P. H. Carpenter on 
the Blastoidea have been issued; and catalogues like those of 
Professor Rupert Jones on the Eoraminifera, of Mr. Lydekker on the 
Fossil Mammalia, and of Mr. Eidston on the Palaeozoic plants have 
been published. Among the good work done by some of our members 
who direct the affairs of the Museum, we must not overlook the 
admirable and successful efforts which are being made to increase 
the value of the collections for educational purposes. The specially 
arranged collections for the guidance of students and beginners, 
and the cheap and accurate guide-books now issued, afford sufficient 
evidence that the Director and Keepers of the Museum are alive to a 
very urgent national want. From among those whose interest has 
been excited and whose earliest cravings for information have been 
supplied by such means as these, our own and other societies must 
look for future recruits. It may not therefore be uninteresting to 
mention that of the cheap illustrated guide to the Palaeontological 
Galleries, prepared by Dr. Woodward in 1880, four editions have 
already appeared and over 12000 copies have been sold ; while of 
Mr, Fletcher’s Guide to the Mineralogical Gallery, with its charming 
introduction to the study of Mineralogy, no less than 4000 copies 
have been disposed of within a very short period* 
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geologiisal questions oo<mpied a full share of the attonti<^ ; 
members* In addition to the oomprehenstve addr^s of the ^Presi- 
dent, Sir William Dawson, which dealt with very complex geoio^cal 
problems, and the lucid discourse of my predecessor in this Dhair, 
who supplemented the reviews which he has given in this room of 
the results of the application of microscopic methods to the study of 
igneous and metamorphio rooks respectively by an equally striking 
and suggestive treatment of the aqueous rocks from the same point 
of view, Geologists have to thank the distinguished mathematician. 
Professor G. H. Darwin, for the comfort afforded to them in his 
very modest and thoughtful address. Should certain more recent 
utterances from the mathematical fold have produced a moment’s 
disquiet in any faint-hearted Fellow of this Society, I can confidently 
recommend to him the perusal of Professor Darwin’s cautious and 
reassuring essay. 

The commencement of several important undertakings have marked 
the present year in the annals of geological science. 

Those who desire to perpetuate the memory of the late John 
Morris could not possibly have chosen a better method for doing so 
than that of promoting the publication of a new edition of his in- 
valuable ‘ Catalogue of British Fossils.’ In the third of a century 
which has elapsed since the seoond edition appeared, the progress of 
palaeontological research has been so rapid that no single individual 
— even if gifted with the encyclopaedic mind of Morris himself — could 
possibly expect to cope with it. A number of able workers have, 
however, rendered themselves responsible for the cataloguing of the 
several groups which they have especially studied, while Dr. Henry 
Woodward has undertaken to act as Editor. Professor Morris’s 
nearest surviving relative having engaged to supply the necessary 
funds, and the Syndics of the Cambridge University Press having 
arranged to print it, we may hope at no distant date to see this 
important work issued. ; 

Mr. Teall, in his ‘ British Petrography,’ has entered upon a task, 
the accomplishment of which was much needed, and which is well 
worthy of the sympathy and support of geologists. He proposes 
to prepare descriptions, to be illustrated by carefully executed 
coloured plates, of the chief types of our British rocks. How com- 
petent Mr. Teall is for the execution of such an undertaking, he has 
given ample proof in several papers laid before this Society. In these 
days of rapidly increasing petrographical literature, every one must 
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fy0! Indebted to the author for the oareful maimer in which he 
>#ailows up the comparison of our British types with those described 
by foreign petrographers. 

Hr. Mellstrd Meade, who is so well known to geologists by his 
thoughtful and suggestive addresses to the Geological Society of 
XAverpool, has found an admirable subject, which he has treated 
with great skill and no little originality, in his ‘ Origin of Mountain 
Itangee.* 

To the manner in whiob the advancement of geological science is 
icing piTomoted by the various societies in other coxintries, and the 
undertaken by foreign States, I can do no more than barely 
ilinde. Everywhere we have to note the same steady and sustained 
efforts, before which the clouds that have enveloped the story of 
former times are being gradually rolled back, and the light of 
knowledge is illuminating the obscurest problems connected with 
the past history of our globe. 


In the advance of an army through an unknown and difficult 
country there must always be some risk of the communications 
between its seveial divisions breaking down, and of their power for 
effective cooi)eration becoming impaired ; more especially docs this 
danger arise when the army is large in its numbers, complicat(*d in 
its organization, or swift and sudden in its movements. 

Now that vast host of geological investigators which is ever 
pressing forward to conquer new realms of knowledge is distin- 
guished among all the armies of science by the rapidity of its evolu- 
tions ; the history of Geology is the chronicle of a brilliant succession 
of forced marches. It may therefore be prudent if, from time to 
time, we pause to look around us and to inquire if there bo any 
chance of the centre of our army, while engaged in steadily grappling 
with the vast physical problems which confront it, losing touch 
with either of its wings — that which is composed of the cultivators 
of the mineralogical sciences on the one hand, or that which is 
formed by the students of the biological sciences on the other. 

Erom that position of elevation and of observation in which I 
find myself placed by your indulgent suffrages, it has occurred to me 
that I may possibly render a service by reporting to you the main 
features of the field of conflict, so far as it is given to me to discern 
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In a^mpting such a suryay» 1 of ootucse do not lotget tlidt «b jnst 
idea of BO vast a field can scarcely be obtained firom any single 
istandpoint ; but X am satisfied that no better vantage-ground could 
possibly be found for the purpose than that sdSoided by this Chair. 
Without for one moment forgetting the workers belonging to other 
countries or connected with kindred associations, I may claim for 
this Society that it has over taken a foremost place in promoting the 
progress of geological science ; that the initiative in many of its most 
remarkable advances has been duo to our Follows ; and that all the 
leading episodes of its short but brilliant history will be found 
faithfully reflected in our publications. 

It is my purpose to-day to invite your attention to the past and 
present relations between Geology and the Mineralogical Sciences. 

The geologists of this Society stand in no need of the reminder 
that their father was a mineralogist.’’ That little band of enthu- 
siasts who, just eighty ye<irs ago, constituted themselves the nucleus of 
the Geological Society of London were before all ihings mineralogists; 
and the initial object of the formation of the Society was a purely 
mineralogical one, that of securing the i^ubli cation of Count Bournon’s 
laborious treatise on Ihe varied forms assumed by the crystals of 
calcspar. Little could its original members have anticipated many 
of the directions in which the work of ihe Society was destined to 
develop itself. 

An examination of the first series of our ‘ Transactions,’ published 
between the years 1811 and 1821 , will show that aU the really 
valuable and enduring work of the Society, during this first epoch 
of its history, was either mineralogical or petrographical. looking 
back on that work, we may indeed feel proud of the achievements 
of these founders of our Society. We find Wollaston engaged in 
devising his beautiful contrivance for measuring the angles of crystals, 
and William Phillips illustrating tho value of the reflecting goni- 
ometer by accumulating a great mass of accurate determinations ; 
we see Whewell, and afterwards Miller, labouring, to place on a 
secure basis the mathematical methods best adapted for the discus- 
sion of these measurements ; while Brewster and Herschel are 
steadily feeling their Way towards the pregnant generalization that 
the geometrical forms of crystals are but the outward and visible 
«igns of an inward molecular structure, which becomes clearly mani- 
fested by its action upon polatized light ; at the same time 
Maoculloch, bringing to bew ^ his studies in the field a vast 
amount of accurate ch^iclil cm(I^ineralogical knowledge, is found 
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engaged in laying the foundation in this country of the study of 

rocks. 

If now we turn to the second series of our ‘ Transactions ’ and 
the earlier volumes of our ‘ Journal,’ jmhlished between the years 
1824 and 1858, we shall perceive a startling falling-off in the con- 
tributions to miner alogical science, too sure a sign of that neglect 
and almost contempt with which Mineralogy had come to be 
regarded by the geologists of that period. 

This unfortunate result was doubtless to some extent due to the 
powerful counter-attraction exercised by Stratigraphical Geologj^ 
which had received such a remarkable impetus from the labours of 
William Smith, and of Paleontology, which was daily being enriched 
by the discoveries of Cuvier, Conybeare, Buckland, Mantell, and 
Owen. But it must, at the same time, be confessed that many 
mineralogists had at that i)eriod permitted themselves to be betrayed 
into a position of more or less pronounced anttigonism to all the later 
developments of (Geology, and their science in turn had come to bo 
regarded by geologists with feelings of suspicion and distrust. 

Perhaps I cannot better illustrate the relations which had grown 
up between the geologists and mineralogists of that day than by 
referring to an incident whicli was related to me by Charles Parwin, 
shortly before his death, as having exercised an important influence 
on his own career as a geologist. While Darwin was a student at 
Edinburgh, it was the custom of Jameson, who was justly regarded 
at that time as the apostle of exact mineralogical knowledge in this 
country, to take his class to Salisbury Crags and there to inveigh 
in no measured terms against the infatuation of geologists in main- 
taining the igneous origin of those masses of basalt. Under such 
circumstances as these it is not surprising to find that geologists, 
judging the tree by its fruits, were led to conclude that from 
Mineralogy there was little to be hoped for in the way of assistance 
to their own science, and nothing at all to be feared in the way of 
criticism. 

Although this state of estrangement between Geology and Mine- 
ralogy has now happily passed away, since the causes which brought 
it about have disappeared, it may still be doubted whether all the 
cultivators of these two sciences fully realize their mutual depend- 
ence^ or clearly recognize their capabilities for mutual assistance. 
It may not he unprofitable, therefore, to inquire how perfect 
cooperation between mineralogists and geologists may best he 
promoted, and to reconnoitre t^^e promising fields of research 
through which their joint advance must be made. 
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The realm of Nature has been recognized from time immemorial 
as consisting of three kingdoms : dealing with the affairs of these 
throe kingdoms, respectively, there have grown up side by side three 
dei>artments of natural knowdedge — Zoology, Botany, and Mine- 
ralogy. But in recent years new and, I cannot helx^ thinking, 
regrettable relations have sprung up between these sister sciences. 
Zoology and Botany, having develox)ed a method, a classification, 
and a nomenclature, based on common i)rincii3les, have been drawn 
together by bonds so close and firm that many regard them as in- 
dissolubly one — the science of Biology. Mineralogy, thus isolated, 
has been driven to seek new^ and unnatural alliances, — with 
Chemistry, with Physics, or with the Mathematical Sciences. For 
my own part I confess that I regard this threatened “ Bepeal of the 
Union of the natural sciences as alike a misfortune and a mistake. 

It is sometimes assumed that the objects dealt with by Zoology 
and Botany are so different in their essential characters from those 
treated of by Mineralogy, that the science of “ Organic ” nature must 
always follow a difibrent path from that pursued by the science of 
“ Inorganic ” nature. The structures commonly known as organic, 
and the processes usually called vital, are assci’tod to bo so entirely 
different, alike in their origin and in their essence, from anything 
existing in the Mineral kingdom, as to warrant the establishment 
and perpetuation of a fundamental distinction between the sciences 
dealing with “living” and “non-living” matter resi)ectivcly. 

In the year 1854 a very acute thinker, who at one time occupied 
this Chair, made a serious attemi)t to formulate the distinctions 
which are supposed to divide living from non-living matter ; but 
at a subsequent date, admitting with characteristic candour that he 
had altogether outgrown these ideas. Professor lluxlcy argued, with 
great skill and cogency, that “ vitality ” is merely a general term 
for a set of purely physical j)rocesses, differing only in their com- 
plexity from those to which “ inorganic ” matter is subject. 

It is a circumstance of no small significance that no definition of 
life which has yet been proposed will exclude the kind of processes 
which we can now show to be continually going on in mineral 
bodies. “ Life,” said the late George Henry Lewes, “ is a series of 
definite and successive changes, both of structure and composition, 
which take place in an individual without changing its identity.” 
Mr. Herbert Spencer prefers to define life as “ the definite combi- 
nation of heterogeneous changes, both simultaneous and successive, 
in cori'espondence with external co-existences and sequences.” 
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If either or both of these definitions of life be accepted as satis- 
fhctory, then, aa I hope to demonstrate to you, the minerals which 
build up the crust of our globe unquestionably^*^ live/^ At all events 
I am confident of being able to show that ** in correspondence with 
external co-existences and sequences,” or, in other words, as the con- 
ditions to which they are subjected vary, they undergo ** a series of 
definite and successive changes, both in structure and composition, 
without losing their identity.” 

It may seem paradoxical, but it is nevertheless true, that the 
vitality ” of minerals — I really do not know what other term to 
use to convey my meaning — is much greater than that of plants, 
nnd, a fortiori, than that of animals ; and this is the direct and 
necessary consequence of their less complex and more stable chemical 
constitution. 

The Zoologist regards as a case of remarkable vitality the recovery 
of snails which had been long affixed to a museum- tablet, upon 
their immersion in warm water. The Botanist cites the germination 
of seeds taken from ancient Egyptian tombs as a striking illustra- 
tion of how long life may remain dormant in the vegetable world. 
Let us now turn to the Mineral kingdom. A quartz-crystal develops 
to certain dimensions, in accordance with the natural laws of its 
being, and when the necessary conditions of growth cease to environ 
it, its increase is arrested. But the crystal still retains its “ vitality,” 
that is the power of further development which is dependent on its 
particular *‘ organization ” or molecular structure. We may de- 
•stioy that “ organization ” and the “ vitality ” which is dependent 
upon it in a single instant, by subjecting the crystal to the action 
of hydrofluoric acid or of an oxyh5^drogen flame. But unless its 
“ organization ” and “ vitality ” be thus brutally stamped out, the 
crystal and, indeed, every fragment of it retains, not the “promise” 
only , but the very “ ])otency of life.” It may be worn by wind and 
wave into rounded and ijolished sand-grain ; it may bo washed 
from the beds of one formation, to form part of the materials of a 
new one, and this process may be repeated again and again ; but 
nffcer countless wanderings and unnumbered “accidents by flood 
and field,” extending over millions on millions of years, let but the 
necessary conditions of growth again environ it, and the battered 
and worn fragment wiU redevelop, in aU their exquisite symmetry, 
its poHshed facets, it will assume once more the form of a quartz- 
crystal, having at least as much claim to identity with the original 
one, as a man has with the baby from which he has grown. 
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Life ! Vitality ! ” These terms are but convenient cloaks of 
our ignorance of the somewhat complicated series of purely physical 
processes going on within plants and animals. “ Organization I ” 
Why should the term be applied to the molecular structure of an 
Amoeba or a yeast-cell, and refused to that of a crystal? And 
even if we choose to maintain such distinctions as these, must we 
also insist that they constitute a basis su£S.ciently broad upon which 
to establish our classification of the sciences ? 

Unquestionably there are differences between the changes which 
take place in these wonderful cycles in animals, plants, and minerals 
respectively. As animals differ from xdants in not being able to 
build up their tissues from the simple compounds of the mineral 
kingdom, so animals and plants alike differ from minerals in their 
power of growth by intussusception. 

But perhaps the most striking difference of all between the 
“vital” processes in animals, plants, and minerals is found in the 
rate at which they take place. Animals, in consequence of the in- 
stability of their chemical constitution, are distinguished by an 
almost ceaseless activity and a consequent brevity of existence. 
Plants, in the slower rate at which their vital processes take place, 
bridge over to some extent the tremendous gap between animals 
and minerals. In these last the vital processes are so prolonged 
in their manifestations, owing to the stability of their chemical com- 
position, and they are not unfrequently interrupted by- such enormous 
intervals of time, that they can only be recognized by the geologist. 

The changes which take place in an ephemera are rapid indeed 
ns compared with those going on in the oak-tree amohg the branches 
of which it may spend its brief existence ; but in the rocks among 
which the oak thrusts its rootlets, other processes arc going on com- 
pared with which tho life of the oak-tree is as “fast” as that of 
the ephemera comimred with its own. 

T^evertheless the three forms of “ life ” seem to start pretty much 
on a level. A solution of nitre in which crystallites are uniting, in 
obedience to tho laws of “ polarity,” to build up crystals with their 
regular forms, their molecular structure, and their powers of further 
development ; a solution of sugar in which the cell of a yeast-plant 
is living and growing ; and a third liquid with suspended vegetable 
particles in which an Amoeba is increasing and multiplying, — these 
three may surely be compared with one another, however unlike 
may appear to be the higher developments in the three kingdoms 
to which they respectively belong. 
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I do not, of course, for one moment wish to suggest that it is 
practicable, or even desirable, to attempt an extension of the con- 
ventional use of the terms “ life ” and “ organization/^ But I do 
think that it is of the first importance that we should clearly 
recognize the fact that the distinctions between living and non- 
living matter are not essential and fundamental ones, that cycles of 
change exactly similar in almost every respect to those occurring 
in the animal and vegetable kingdoms arc equally characteristic of 
the mineral kingdom — though in the latter they are more difficult 
to follow on account of the extreme slowness with which they take 
place. 

When this great truth is fully recognized, the separation of the 
Biological and the Mineral ogi cal Sciences will be at an end, and 
Mincrtilogy will begin to profit by that revolution in thought and in 
method which has already done so much for her sister sciences. 

The teniporary divorce between Biology and Mineralogy has 
arisen, not from any inherent difiercuces between their aims, their 
methods, or the objects of which they treat, but from the circumstance 
that while the former has in the lavst half-century advanced with 
the stride of a giant, the latter has during the same i>eriod tot- 
tered on with the feeble steps ■jf infancy. Mineralogy is still in the 
“ pupa stago of its development ; it< is a classificatory science, with 
its methods imperfect, its taxonomy iijideveloped, and its very 
notation undefined. Its cultivators, absorbed in the Sisyphean task 
of establishing new species and varieties, too often treat their science, 
with all its glorious possibilities, as though it w^cre but akin to postage- 
stamp lore ! 

How is it, we may profitably ask, that the Biological sciences 
have made such i^rodigious advances, Avhilc the Mineral ogical ones 
have lagged so far behind ? We must ascribe the result, I believe, 
to two causes : — 

In the first place, improvements in the construction of the micro- 
Bcoxje, and more especially the perfecting of methods of study by 
means of thin sections, have immeasurably enlarged the biologist’s 
field of observation ; Histology and the cell-theory, Embryology with 
all its suggestiveness, and many important branches of Physiological 
research, must have languisned, if, indeed, they ever saw the light, 
but for tbo aid afibrded by the microscopical methods of inquiry. 

In the second place, the growth of Geological and Palaeontological 
knowledge has been the leading factor in that profound revolution 
in Biological ideas which, sweeping before it the superstition of fixity 



ANNIVBRSABY ABBBESS OF THE PBESIDENT. 


6l 


of species, has endowed this branch of natural science with the 
transforming conception of Evolution. 

l^ow these two causes which have done so much for Biology are 
already working out the regeneration of Mineralogy ; and I doubt 
not that in due time the fruits brought forth by the latter science 
will be equally satisfactory with those of the former. 

The application of the microscope to the study of minerals has 
proved less easy than in the case of animal and vegetable structures. 
More than a century ago, it is true, several French geologists 
employed the method of crushing a rock, and of picking out from its 
powder the several minerals of which it was composed, for micro- 
scopic study; and in 1810, Cordicr endeavoured, by systematizing 
the methods folk wed by his predecessors, Daubenton, Dolomieu, 
Fleurian, and otlw^rs, to elaborate a scheme for the mineralogical 
analysis of rocks by the aid of the microscope. In recent years the 
French geologists, with MM. Fouqud and Michel Levy at their 
head, have shown how, by the employment of the electro-magnet, of 
fluids of high density, and of various chemical reagents, this work 
of isolating the several minerals of a rock for microscopic study or 
chemical analysis may bo greatly facilitated. 

But the great drawback to this method of microscopic study of 
rocks, as devised in France, was found in the cu’cumstance that it 
began by destroying the rock as a whole, and hox>elcssly obliterating 
the relations of its luiricralogical constituents. Delesse and other 
observers, it is true, succeeded in obviating this difficulty, to some 
extent, by studying the structure of rocks as seen in polished surfaces 
under the microscope by reflected light. 

The greatest step in advance in connexion with the microscopic 
study of rocks was undoubtedly made, bowover, when it was shown 
that transparent sections of minerals, rocks, and fossils can be 
prepared, comparable to those so constantly employed by biologists 
in tboir researches. William Nicol, of Edinburgh, was the first to 
discover, in the year 1827, how the mechanical diffipulties in the 
way of the preparation of such sections could bo surmounted ; while 
Mr. Sorby, in a memorable communication to this Society, in 1858, 
showed us the first-fruits of the wonderful harvest of results to be 
obtained by the employment of this method. 

But if the birthplace of the one method of microscopic study of 
rocks was France, and of the other Britain, it must he confessed 
that a large part of the merit of developing and improving these 
methods of inquiry is due to the Germans. To the labours of the 
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and aocnrate students in that country must he 
aicribed much of the perfection to which the methods of microscopic 
ll^eralogy have now attained; though we must not forget in this 
connexion many most valuable contributions to the study from 
Scandinavia, Holland, Italy, and the United States. 

As in the case of Biology, the results attained by the geologist 
have been the means of awakening new interests and inspiring a 
new philosophy, so in the case of Mineralogy, other problems have 
been suggested and entirely fresh conceptions of the scope of 
the science have followed from the development of geological 
thought. We are thus led to regard minerals, not simply as a set 
of curious illustrations of mathematical and chemical laws, but as 
important factors in the evolution of the globe. Mineral collections 
in the past have resembled greenhouses, wherein only beautiful, 
though often abnormal, growths arc admitted ; but in the future 
they will be like the herbaria of the botanists, where mere beauties 
of form and colouring are subordinated to the illustration of natural 
relationships and to the elucidation of the great problems of origin 
and development. Par be it from me to undervalue those wonder- 
ful crj'^stals, the clioice flowers of the mineral kingdom, which adorn 
our museums ; but as there are many plants of extreme scientific 
interest which happen to possess only inconspicuous flowers, so 
there are not a few microscopic minerals, the study of which may 
lead us to the recognition of some of the most im]>ortant laws of tho 
mineral world. 

I believe that what Geology has already done for Biology she 
is now accomplishing for Mineralogy ; it may, indeed, be instruc- 
tive to point out how, in every one of its departments, the 
employment of microscoiac methods and the suggestion of new lines 
of thought are causing Mineralogy to develop in just the same direc- 
tions that Biology has already taken before her. In this way we 
may perhaps best convince ourselves that Mineralogy is once more 
asserting her true position in the family of the natural sciences. 

Every I^atu’ral-Historj’- science presents us with four dist inct classes 
of problems. With respect to the objects of our study, we may 
make inquiries concerning their forms, their actions, their relations, 
and their origin. The answers to the first class of questions con- 
stitute Morphology y to tho second Physiology, to the third Chorology 
or Distribution, and to the fourth Etiology, The great problems of 
the mineral world, as I shall proceed to show, fall under precisely 
the same categories ; and we may perhaps gather some useful hints 
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by a comparison between the immature reerults of tbe Mineralogist 
in each of these departments and those more perfect ones which 
have been attained by the Botanist and Zoologist. 

The Morphology of minerals was for a long time studied to the 
exclusion of all other branches of the science ; for the problems 
connected with form and structure were those which naturally first 
attracted the students of the “ inorganic ’’ world. 

Pew generalizations of science are so beautiful, and at the same 
time so suggestive, as those which have been arrived at by a discus- 
sion of the accurate measurements of crystal-angles. The constancy, 
within certain narrow limits, of corresponding angles, amid the 
almost infinite diversity of form assumed by crystals of the same 
mineral, is not less striking than the simplicit}^ of the mathematical 
laws by which all these varied forms can be shown to be related to 
one another. 

The actual forms assumed by crystals are often seen to bo the 
result of a struggle between opposing tendencies in the molecules to 
build uj) diverse forms. In the growth of a quartz-crystal, for 
example, the tendency towards the termination of the crj’stal, by 
the formation of two rhombohedra, is being continually overcome 
by the opi)osing tendency towards growth in the direction of the 
prism-faces ; nevertheless the ifiarks of this struggle are manifested 
in the well-known striae on the prism-faces, each of which indicates 
the temporary ascendancy of the rhomhohcdral over the piismatic 
.bias. The tendencies towards the formation of the two rhombo- 
hedra are in turn seldom equal or able 0(|ualJy to assert themselves, 
and from this cause their unequal development results. In addition 
to these tendencies, others towards tho formation of tetartohedral 
or other faces may come into i)lay, and the almost infinite variety 
of forms which may thus be produced is well known to every 
Mineralogist. 

But the study of the Morphology of minerals, which cannot be 
carried beyond a certain point by the aid of the goniometer, is 
capable of being pushed infinitely further Avhon wo investigate the 
internal structure of their crystals, as illustrated by their optical and 
other physical properties. Not only do wo find the minutest details 
of their external form to be correlated with peculiarities of mole- 
cular structure, as revealed by their action on a beam of polarized 
light, hut delicate differences in internal organization which the 
goniometer is powerless to detect become clearly manifested under 
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the searching tests of optical analysis. For the Mineralogist, 
indeed, the polarisoope -with its accessories has supplemented the 
goniometer, in the same way that the spectroscope has the balance 
of the Chemist. 

What has been stated concerning the optical characters of 
minerals is equally true of their other physical properties ; for 
the researches of recent years have shown all these properties 
to be intimately related to the symmetry of the crystal in 
which they are displayed. In every crystal, the faces of each group 
bearing the same relations to its axes exhibit characteristic pecu- 
liarities in their lustre, in their hardness, and in the manner in which 
they are acted upon by solvents : and these serve to distinguish such 
groups of faces from others in the same crystal having different 
relations to its axes. The elasticity of crystals, their power of 
conducting heat and electricity, and their phosphorescent, electric, or 
magnetic properties, whether natural or induced, are all manifested 
in varying degrees along certain directions which can he shown to 
be related to the particular symmetry of the crystal. 

The more carefully we study hoth the forms and the physical 
properties of minerals, the more are we impressed by the conviction 
that the most intimate relations exist between these characters and 
the chemical composition of the minerals. The phenomenon of 
“ plesiomorphism,^’ as Miller proposed to call it, that is the slight 
variation in the angular measurements of crystals in the same 
species or group, when any of the constituents are replaced by 
vicarious or isomorphous reproseutatives, very strikingly illustrates 
this conclusion. And the exact study of the optical properties of 
minerals shows that the slightest variation in the relative proportions 
of these vicarious constitiionts makes its influence felt by changes 
in their colour, in their ploochroism, in the nature and amount of 
their double refraction, in the position of their optic axes, and, 
indeed, in the whole assemblage of the properties of the crystal. 

To the admirable investigations of Tschermak on the felspars, the 
amphiboles and pyroxenes, the micas, and other groups of minerals 
we are largely indebted for the establishment of this conclusion ; 
while Doeltcr, Max Schuster, and other mineralogists have contri- 
buted many striking observations which serve to extend and fortify it. 

The application of the microscope to the study of the internal' 
structure of minerals — their Histology — has led to the recognition of 
many beautiful and unsuspected phenomena. Studied in this way, 
the seemingly homogeneous masses exhibit many interesting inter- 
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growths and enclosures ; and the study of these, as shown by Sorby 
Vogelsang, Ronard, and Noel Hartley, may serve to throw new and 
important light upon the conditions under which the crystals were 
originally developed. Cavities containing carbonic acid and other 
liquids, with bubbles in constant and, seemingly, spontaneous move- 
ment, serve to awaken the interest of the naturalist not less power- 
fully than the mysterious creeping of protoplasm in the hair of a 
nettle, or the dance of blood-corpuscles in the foot of a frog ! 

Others among these histological peculiarities of crj^stals must be 
regarded as having a pathological significance ; thqy are abnormal 
developments resulting from unfavourable conditions to which the 
crystals may have been subjected during their growth, or in the 
course of their long and checkered existence. 

The variability exhibited in crystals of the same mineral is some- 
times very startling. In addition to ihe varieties due to the 
combinations of manj?^ different forms, or to the excessive development 
of certain faces at the expense of others, wo have the complicated 
and diversified structures built uj) h)' twinning according to different 
laws. Again, by oscillatory tendencies in the same crystal towards 
the assumption of different forms, or by the existence of causes 
calculated to interfere with, the free action of the crystallizing 
forces, we may obtain varieties with curiously striated or curved faces. 
Not unfroquently large quantities of extraneous materials, solid, 
liquid, or gaseous, may he caught up in the crystal during its 
growth, and these foreign substances may he so far affected by the 
polar forces operating around them as to bo made to assume definite 
and symmetrical positions within the crystal. 

Even in the case of minerals of identical chemical composition and 
similar crystalline form, marked variations in physical properties 
may result from differences in the conditions under which they have 
originated. In lustre, density, and other characters, Adularia differs 
from Sanidine, and Elaeolito from Nepheline. Dr. Arthur Becker 
has shown that Quartz exhibits marked variations in its specific 
gravity, according to the particular conditions under which it has 
been formed. 

There is one kind of morphological variability in minerals which 
has during recent years attracted a great amount of attention, and 
excited much discussion among Mineralogists. Soon after his 
memorable discovery of the relations between the crystalline forms of 
minerals and their optical properties, Brewster detected certain api)a- 
jent exceptions to his important generalization ; and since his day 
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mliiiy ^£U.iipns to these curious anomalies in the optical behaviour 
^1 x^efals have been made by other observers. So greatly, indeedy 
have these been multiplied in recent years, that it is doubtful if any 
mineral crystallizing in the Cubic, the Tetragonal, or the Hexagonal 
system could be cited in which the oi)tical properties are precisely 
what they ought to be according to theory ; and similar anomalies 
are also found in crystals possessing lower degrees of symmetry. 

The attempts which have been made by some crystallographers to 
account for these optical anomalies in crystals, by assuming that 
they possess only a pseudosymmetry, the result of very complicated 
twinning, ingenious as they undoubtedly are, remind one of the 
wonderful addition of eccentrics and epicycles by which astronomers 
so long sought to maintain the credit of the Ptolemaic theory. But 
as in the latter case complexities and difficulties alike vanished when 
the centre of the s 3 ’stcm was shifted from the earth to the sun, so 
have the discoveries of Klein and Kosenbuscli removed the necessitj" 
for the painfully elaborate cr^’stallographic Ijj'potheses to which I 
have referred. 

Most mineralogists will now be i)rcpai*ed to admit, as the result 
of these researches, that the i)crfoction alike of form and of optical 
properties which may characterize a crystal v hen first formed, is 
Hablo to slight modification, as the conditions of temperature and 
pressure under which it exists vary. In consequence of this, almost 
all natural crystals are found, when we study them with sufficient 
care, to exhibit slight but very striking and significant difTcrcnces in 
form and optical behaviour from wffiat they ought theoreticallj^ to 
possess. 

‘While our know ledge of the ordinary mineral varieties promises 
to be vastly extended b}^ the improvements which have been made in 
the methods of optical and chemical diagnosis under the microscope, 
there is nevertheless, at the same ^ime, reason to hope that the 
relationship of these numerous varieties will, by the same means, bo 
made more distinctly apparent. As the existence of well-defined 
natural groups of minerals becomes more clearly established, through 
the study of interesting though inconspicuous links, we shall obtain 
a basis for a much-needed reform in Mineral Taxonomj’^ and Nomen- 
clature. 

The more carefully we pursue our researches among the diversified 
forms of the mineral world, the more are wo impressed by the con- 
viction that each mineral, like each plant or animal, possesses 
its own individuality. Nature does not moke facsimiles in the 
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mineral^ any more than in the vegetable or the animal kingdoms. 
All the sciences of nature must be content to recognize individuals 
as the only real entities, and to accept species, like genera, families, 
and orders, as convenient but purely artificial conceptions. 

The geological study of minerals leads us to regard each specimen 
that we examine as i)ossesaing a distinguishing combination of 
properties, some of which are impressed upon it by causes operating 
when it came into being, while others are no less clearly the result 
of the long series of vicissitudes through which it has since passed. 

Of all the branches of Mineral Morphology there is none from 
the study of which the geologist has gained more in the past, or 
from which he has greater reason to look for future aid, than that 
of the Embryology of crystals. 

In tbe year 1840 Link showed that the first step in the formation 

crystals in a solution consists in the separation of minuto spherules 
of supersaturated liquid in the mass ; and subsequently Harting in 
Holland, and Eainey and Ord in this country, obtained a number 
of interesting experimental results, by allowing crystallization to 
take place slowly in mixtures of crystalloids and colloids. 

Valuable contributions to the same subject were made by Erank- 
heim, Leydolt, and others ; but it is to Hermann Yogolsang that wo 
owe the greatest and most important contributions to Mineral 
Embryology. By the ingenious device of adding viscous substances 
to solutions in which crystallization wars going on, he succeeded in 
so far retarding the rate at which the operation took place, as to be 
able to study its several stages. He thus sliowa^d how the minuto 
“ globulitos gatheiing themselves into nebulous masses, or ranging 
themselves according to mathemutical laws, gradually build up 
skeleton -crystals, the clothing of which tbe perfect structures 

arise. 

Since tbe early and regretted death of Vogelsang, the subject of 
the development of crystals from their embryos, the so-called crys- 
tallites, has been successfully prosecuted by Behrens, Otto Lehmann, 
Wichmann, and other investigators. 

Now in all glasses — whether of natural or artificial origin — in 
which the process of primary devitrification is going on, we have 
examples of the growth of crystals in a viscous and retarding mass, 
and in these, as Leydolt, Zirkel, and Vogelsang clear I3" saw, admir- 
able opportunities are afforded to us for studying the formation of 
crystallites, and the laws which govern the union and growth of 
these into crystals. Two years ago, my predecessor in this Chair 
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irabioitted to you the interesting results of his own researches upon 
tiie devitrification of artificial glasses and slags ; and the subject 
has since been pursued by Velain in France, and by Hermann and 
Rutley in this country. 

The igneous rocks supply us with admirable opportunities for 
studying Mineral Embryology. In the same rock-mass we may 
sometimes find every possible gradation, from an almost perfect glass 
to a holocrystalline aggregate. By the study with the microscope 
of the several transitions in different parts of the mass, we obtain 
data for the most important conclusions concerning the phenomena 
of crystal-development. 

There is another line of research in connexion with Mineral- 
Embr3^ology, which appears to be full of promise, and which has not 
yet received all the attention it deserves. In the “ contact-zones 
around great igneous intrusions, we find the curious so-called 

spotted elates,’* which under the microscope are seen to contain 
nebulous patches, the mere ghostly presentments of crj’^stals, strug- 
gling into being in the amorphous mass. The development of those 
nebulous masses into perfect crystals, exhibiting the characteristic 
external forms and optical properties of andalusite and cyanite, of 
garnet and epidote, of hornblende and mica, may be traced in some 
oases with the greatest facility. 

More complicated still are the phenomena exhibited along the 
foliation-planes of the rocks, which have been made to flow in the 
act of mountain-making. There, as the old minerals are destroyed, 
new ones build themselves up from their elements. The study of 
all the steps of this process is an undoubtedly difficult one ; but the 
results already obtained bj'^ liousch, Lossen, Heim, and Lehmann, by 
Lapworth, Teall, Roland Irving, and Williams, lead us to look hope- 
fully forward to the full solution of the grand but complicated 
problems of regional metamorphism. 

The field of Mineral-Embryology is indeed a promising one, and 
its diligent cultivators may hope to gather a harvest no less rich 
than that which has been reaped by the workers in the same depart- 
ment of the Biological Sciences. 

Let us now turn from the statical aspect of minerals, their 
Morphology, to the dynamical aspects, their Physiology. 

Minerals are not fixed and unchangeable entities, as they are 
sometimes considered. On the contrary, they exhibit varying 
degrees of instability^ and pass through very definite series of 
metamorphoses. 
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We have already seen that every alteration in the temperature or 
other conditions which surround a crystal leads to striking modifi- 
cations of molecular structure, which are at once revealed by the 
delicate tests of optical analysis. So sensitive, indeed, are some 
crystals to the action of external forces, that even the passage of the 
light-waves through their substance leads to permanent molecular 
rearrangements which are evidenced by marked changes in colour, 
translucency, and other properties. 

Many minerals have their atoms so arranged that the action of 
external forces causes them to fall readily into new combinations, in 
this way we have brought about such paramorphic changes as that 
of aragonite into' calcito, and augite into hornblende. Excessively 
slight manifestations of force are sometimes sufficient to induce 
these paramorphic changes. 

But the most significant fact of all is that every crystal possesses 
certain peculiarities of molecular structure, and as the result of this 
internal ^ organisation it responds in a definite manner to the action 
of various external forces, undergoing in this way well-marked 
series of physical and chemical changes without losing its identity. 
As the final result of such successive changes, however, the 
bonds which hold the “ organized ’’ structures together are gradually 
weakened, and at last break dowm altogether. In this way the 
sei^arato existence of the mineral comes to an end ; but tho materials 
of which it was composed, resolving themselves into new compounds, 
may go to build up the substance of other “ organized structures. 
Need I point out that in all these respects minerals bcliave exactly 
like plants and animals ? 

But in the case of plants and animals charges such as these, 
whiob are the dij’ect outcome of cxt»crnal forces acting on a special 
organization, are called Physiological, and 1 know of no valid reason 
why the same term should not be employed in the case of minerals. 
It is true that the accomplishment of the cycles of change in 
minerals often requires j^eriods of time of enormous duration, and 
that during incalculable intervals they may appear to he wholly 
suspended ; hut in these respects the “ life of a mineral difiers fi om 
that of a plant in just the same manner as the latter does from the 
life of an animal. 

I must ask your attention for a few moments to these peculiarities 
of internal organization in minerals, and to the way in which tho 
various physical and chemical forces act and react upon them in con- 
sequence of their special organization. 
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Recent researches have shown that every crystal possesses a 
number of planes, all of which are related to its peculiar symmetry , 
along which the several physical forces operate in a marked manner 
to produce changes in the physical and chemical properties ot the 
crystal. These planes have been called the “ structure-i>lanes ’ of 
the crystal. 

By far the most obvious of these structure-planes of crystals 
are those of cleavage. When crj’stals are subjected to the 
action of mechanical force they break up along one, two, or tlu ee 
definite planes, with varying degrees of ease. In some cases 
when this separation cannot be readily effected by percussion or 
pressure, it may be brought about b}’^ the unequal exi)arision and 
contraction in a crystal resulting from alternate heating and cooling. 
Wo cannot arrive at the limit of this liability of a crystal to 
separate along its cleavage-planes ; if wo powder a calcito- crystal 
and examine the fine dust under a microscope, each minute grain 
will be seen to have the form of a cleavage-rhomb ! 

Now the exquisite molecular structure of a crystal, of which 
this wonderful property of cleavage is the outcome, is borne 
witness to, not only by the ijerfection of the cleavage-surfaces — 
presenting, as they do, a lustre wdiich no artificial polish can imi- 
tate — but by the fact that each particular set of cleavage-surfaces 
presents definite characteristics, analogous to those seen in the 
actual faces of cry^stals. Kach exhibits striking ijeculiarities in its 
mode of reflecting light ; each yields in varying degrees to a hard 
point drawn across it in different directions ; and each, when treated 
with appropriate solvents, is attacked in a characteristic fashion, 
giving rise to the geometrical forms known as the etched-figures. 
Wonderful bb these cleavage-surfaces are, however, it must be re- 
membOTed that the power of cleavage is one that, under ordinary’^ 
droumstances, remains altogether latent in crystals. 

Cleavage-planes, however, are not the only latent structure-planes 
in crystals. Long ago it was showm by Brewster, Reusch, and 
Pfaff that when minerals are subjected to pressure in certain direc- 
tions, their molecules appear to glide over one another along certain 
definite planes within the crystal ; and if we examine optically a 
crystal which has been treated in this manner, it is actually found 
to exhibit a series of twin -lamellae arranged parallel to the so-called 
** gliding-planes.” It thus appears that in the movements set up 
within a crystal by the application of force from without, certain of 
the molecules of which the crystal is built up, lying in bands 



At one time these “ gliding-planes ” were regarded as being 
peculiar to a few minerals, sncb as calcite and rock-salt ; but the 
investigations of Prankeubeim, llaumbauer, Poorstnor, and osi^ecially 
of Miigge, have shown that they exist in crystals belonging to every 
group in the mineral kingdom, including all those minerals which 
occur as common rock-forming constituents, such as the felspars and 
pj^roxenes. 

As is tJie case with the cleavage-planes, so with the gliding- 
planes, there may exist one, two, or three in the same crystal. 
One of these is usually a principal gliding-plane — the slipping 
movement with its accomx)aiiying twin-lamellae being produced 
X>arallel to it with the greatest facility — while the others are sub- 
ordinate ones. 

Strange to say, however, the particular gliding-piano along which 
a crystal yields ax^pcars to be determined, not only by the direction 
in which the force is ax^xdied, but to some extent also by the nature 
of that force, whether x>crcussive, or a sustained x^ressure, or a 
violent stress ; in some cases wherp the ax>plication of external 
force fails to produce the gliding movement with its accompanying 
lamellar twinning, it may he induced by the strains which result 
from unequal exx)ansion aud contraction during the heating and 
cooling of a crystal. Some mineralogists have, indeed, proposed 
to apply distinctive names to the results which follow from the 
application of different kinds of force — ^whether a blow (Schlag’- 
figuren), Ijrossure (^HeissJlacJien), or the effect of heating and cooling 
( Contrcictionsrisse ) . 

The gliding-planes of crystals are quite distinct from the cleavage- 
planes, though some very curious aud interesting relations have, in 
xjertain cases, been shown to exist between them. That the arti- 
ficial formation of twin-lamellae, like the production of cleavage, 
is rendered possible bj" complicated molecular structures, it is 
scarcely necessary to point out. The application of external force 
to Buoli crystals is like the putting of a spark to a train of gunpowder ; 
the molecules lying in parallel bands are in unstable equilibrium, 
ready, so soon as set in motion, to roll through an angle of 180 °. 

There is still a third and even more subtle set of structure-planes 
in crystals to which I must now allude, those, namely, for which 
lihe name of solution-planes has been proposed. 

It was long ago shown by Daniell that when crystals are exposed 
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tho eotaon of solvents, they are attacked in such a manner as to 
give rise to peculiar geometrical forms. The subject has been 
fpllovred up by Baumhauer, Leydolt, Becke, and others, who have 
shown what a wonderful variety of “ etched-figures ” may be 
produced by operating upon the various faces and cleavage-surfaces 
of different crystals. 

.Quite recently, however, it Las been shown by Yon Ebncr, as the 
result of his studies of calcite and aragonite, that all the complicated 
phenomena of fhe etched figures arise from the existence of planes 
along which solvent or chemical aefion takes place most readily 
within a crystal. It thus appears that these complicated etched 
figures, with their curved and striated surfaces, are indications of 
the combination or oscillation of tendencies to chemical action along 
the different solvent-planes of the crystal. 

My own experiments have enabled me to show that the chemical 
action taking place along the solution-planes of crystals leads to the 
development of cavities, often assuming the foi ms of negative crystals, 
which may become wholly or partially filled wiih the products of 
the chemical action. 

Although tho solution-pianos arc quite distinct, both from the 
gliding-j^lanes and the cleavage-xdancs of crystals, 1 have been able 
to show that some curious and interesting relations exist between 
them. If lamellar twinning has been already developed in a 
crystal, then chemical action takes place along the gliding-jdancs in 
preference to the iiormal^solution-jdanes. 

It is only when wc study the minerals building up the rock-masses 
of the globe that we fully realize the importance of these molecular 
structures, and the wonderful changes which crystals are capable of 
undergoing, as a consequence of tlieir internal “organization." 
Then, and then only, do wo begin to ^inderstand the significance 
and tho far-reaching consequences of the physiological changes of 
which minerals are susee{)tiblo. 

The crystals forming the rock-masses of the globe have been 
subjected to every variety of mechanical force — violent fracture, 
long-continued straiiJ, steady but enormous pressure — prolonged 
over vast intervals of time, to which must be added the potent effects 
of alternate heating andjeooling. Huch crystals, moreover, are trans- 
fused through their whole substance by various liquids and gases 
acting under tremendous, and sometimes varying, pressures. 

Under such circumstances it is not surprising to find that the 
crystals have often yielded along their cleavage-planes, and that 
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deavageMjracks have been produced. These, by affording a ready 
channel for the passage of solvents, not nnfrequently determine 
the course of various chemical operations going on "within the 
crystal. 

Not unfrequently, top, the rock-forming minerals have yielded 
along their gliding-planes, and the development in them of twin- 
lamellae is the result. Every crystal of cal cite in an ordinary meta- 
morphic limestone, and many of the plagioclase felspars in igneous 
rocks, exhibit the secondary lamellar twinning which has arisen 
from the action of mechanical forces upon the mass *. The 
microcline structure in orthoclases, with many other similar struc- 
tures in othei- minerals, must almost certainly bo ascribed to the 
same cause. 

Still more remarkahle arc the consequences which follow from 
the existence of the solution-planes in crystals. By the action of 
various solvents under pressure, angite is made to assume the forms 
known as diallago and i^seudo-hypersthene, and ferriferous enstatite 
of bronzite or hypersthene, while the felspars acquii'e their avantnrine, 
Schiller, and chato^^ant phenomena. When, in addition to the statical 
pressures due to thousands of feet of superincumbent rocks, these 
solvent agencies work with those tremendous dynamical aids afforded 
by deforming stresses, such as make the rocks to flow during 
mountain-making, it is not surprising to find the molcoules of the 
original crystals breaking from their old allegiances, and the 
liberated atoms uniting to form new minerals, the position of which 
is determined by the linos of flow in the mass. 

Not a few of our gems owe their exquisite beauty to these 

* It hits ofteu be(?u assorted that the “Btriation " ou the faces or cleavage- 
surfaces oi‘ crystals is an indication of the existence of polysynthetic twinning. 
In the oligoclase of Ytterby and other localities, however, I have found that 
many crystals which exhibit striation do not afioct polarized light differently 
in the alternate strim ; but on submitting the crystals to alternate heating and 
cooling, and sometimes by percussive foi’ce, the twinning may be easily developed 
in them. It appears from these observations that the crystals are builj up of 
lamellae, in which the molecules are alternately in stable and unstable equili- 
brium. I have in some oases found that the stresses upon a slice of felspar 
which is being heated and cooled and then ground into a thin section, while 
cemented to a glass plate during the preparation of a microscopic slide, are 
suQicient to cause the rotation of the molecules in the alternate lamellae. In 
some cases, I have no doubt that twin-lamellation, like cleavage-cracks, may be 
induced in the crystals of our rook-sections during the processes to which they 
are submitted in their preparation. 
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physiological changes which have taken place in them since their 
iSrst formation. The ardent glow of the Sunstone and the pale 
Wfitery gleam of the Moonstone, no less than the lovely play of 
azure Unts in Labrador-spar and the bronzy sheen of Paulite, are 
the result of physiological processes [taking place in crystals which 
were originally clear and translucent. In the profound laboratories 
of our earth’s crust slow ph3’8ical and chemical operations, resulting 
from the interaction between the crystal, with its wonderful mole- 
cular structure, and the external agencies which environ it, have 
given rise to new structures, too minute, it may be, to be traced by 
out microscopes, but capable of so playing with the light-waves as 
to startle us with new beauties, and to add another to 

“ The fairy tales of science, and the long results of time.” 

Yes ! minerals aU have a life-Msto 7 'y^ one which is in part 
determined by their original constitution, and in part by the long series 
of slowly varying conditions to which they have since been subjected. 
In spite of the circumstance that their cycles of change have 
extended over periods measured hy millions of years, the nature of 
their metamorphoses and the processes by which these have been 
brought about are, in all essential respects, analogous to those which 
take place in a Sequoia or a butte^fl3^ In spite, too, of the 
limitations placed upon us by our brief existence on the globe, it is 
ours to follow in all its complicated sequence this procession of 
events, to discover the delicate organization in which the}" originate, 
to determine the vaiicd conditions by which they have been con- 
trolled, and to assign to each of them the part which it has played 
in the wonderful history’ of our globe during the countless ages of 
the past. 

The subject of Distribution, or Chorologj , is one of no less import- 
ance in the studj^ of the mineral than in that of the vegetable and 
animal kingdoms. The relations of minerals to one another, and 
the manner in which they malie their appearance in respect both to 
time and place, constitute a most instructive and suggestive field of 
research. 

The older mineralogists paid some attention to the question of the 
mode of association of minerals with one another, which they 
described under the term “ Paragenesis.” But this was at a time 
when only large and freely crystallized specimens received much 
attention. At the present day this question of the varied distri- 
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butioD of mioerals in space and time, and the'manner in whioh they 
are associated with one another to build up rock-masses, constitutes 
a most important branch of our science, that to which the name of 
Petrology is given. 

Under the name of “ Petrography ” an attempt has been made to 
establish a branch of Natural-History science which shall bear the 
same relation to Mineralogy as that scienoe does to Chemistiy. As 
minerals are formed by the union of certain chemical compounds, so 
rocks, it is argued, may be regarded as being built up of different 
minerals. But it must be remembered that while minerals possess 
a distinct individuality — the result of their, different chemical con- 
stitution and their characteristic crystallographic form — we are 
quite unable to point to anything analogous to these in the case of 
rocks. 

How is a rock- species to be defined ? It is not enough to state 
its ultimate chemical composition ; for rocks of the most varied 
character and origin may agree in this respect. Equally futile 
is it to take mineralogical constitution as the basis of our classifi- 
cation ; for, in the same rock-mass, the species of minerals which 
are present and their proi)ortions to one another may, and, indeed, 
often do, vary from point to point. Nor does minute structure, 
though aftbrding admirable criteria for distinguishing certain of 
rock, supply a sufficiently definite means of diagnosis for all the 
different varieties which occur. A system of “ lithology ” may, 
indeed, be devised, if we confine our attention to the hand-specimens 
in our museums ; but it breaks down the moment that we attempt 
to apply it in our researches in the field. 

I have long felt assured that all attempts at a nomenclature and 
classification of rocks must, for the reasons just stated, be regarded 
as tentative and provisional only ; but the careful study of rocks is 
nevertheless bringing to light a number of facts calculated to pro- 
foundly modify mineralogical no less than geological thought and 
speculation. 

Petrology forms the link between Mineralogy and Geology, just as 
Palaeontology does between Biology and Geology. Mineralogy has 
justly been styled the alphabet of Petrology ; but if the orthography 
and etymology of the language of rocks lie in the province of the 
Mineralogist, its syntax and prosody belong to the realm of the 
Geologist. In that language, of which the letters are mineral 
species and the words are rock-types, I am persuaded that there is 
written for us the whole story of terrestrial evolution. 
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Petrology, it is clear, could make but little progress until the 
improvement of microscopic methods enabled us to make accurate 
determinations of the minerals in a rock, even when these are 
present as the most minute particles. The characteristic peculiarities 
of the different rock-forming minerals, so carefully studied by 
Ziikel, their accurate optical diagnosis, at which llosenbusch has 
laboured with so much success, supplemented by the micro-chemical 
methods of Knop, IJofickV, Strong, and Behrens, ajjd the pyro- 
chemical method of Szabd, have already done much to render exact 
our methods of recognizing the minerals in a rock. The contri- 
vances, for which we are ])rincipal]y indebted to the Erench 
X>etrographcrs, for eHecting the isolation of the minerals in rocks, 
BO that they may be submitted to accurate chemical analysis, enable 
us in cases of difficulty or doubt to confirm or chock the results of our 
microscopic studies. 

But there is at present perhajis a tendency to confound the end 
with the means in such researches as these. When all the varieties 
of minerals in a rock have been correctly identified, the work of the 
Petrologist is not ended ; on the contrary, it is only just begun. 

The relationship of the several minerals in a rock to one another 
the discrimination between such as are original and those of 
secondary origin, and the recognition among the former of the 
essentia], as distinguished from those that are accessory or accidental, 
— these are i)roblcms of even greater importance than the exact 
determination of the species or varieties to which each belongs. In 
not a few rocks it can be demonstrated that every one of its present 
mineral constituents is different from those of which it was originally 
made up ; in some cases, indeed, it may be shown that the recombi- 
nation of the elements of the rock into fresh mineral aggregates has 
taken place again and again. As well might we try to give a 
rational account of our English sjjeech without taking into account 
the series of changes through which it has passed in its evolution 
from the Anglo- 8axou dialects, as to explain the nature of a rock 
without studying the influence upon it of the forces by which it has 
gradually acquired its present characters. 

With respect to the geographical distribution of the different 
mineral species, many suggestive observations have been made. 
Some, like the felspars, the pyroxenes, and the olivines, appear to be 
ubiquitous in our earth^s crust, and even make their appearance 
again in those bodies* of extra-terrestrial origin — the meteorites.. 
Others, like leucite, nephelino, hauyne, sodalite, and melilite, are 
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exceedingly abundant in certain areas of the earth’s surface, while 
they appear to be wholly wanting in others. 

Still more remarkable are the relations which are found to exist 
between the types of rocks occurring in different geographical areas. 
The study of this subject is leading us to the recognition of the 
fact that there are distinct petrological provinces. In closely 
adjoining areas — such as Hungary and Bohemia, for example — 
widely differei^ types of rock have been erupted during the same 
geological period ; and this is a fact not less striking and significant 
than that of the meeting of two i)crfectly distinct biological 
provinces along a line which traverses the Malayan archipelago. 
It cannot be doubted that the prosecution of this hopeful branch 
of study — the geographical distribution of minerals and rocks — will 
lead us to results of the highest interest and value. 

That there will be shown to be a distribution of rocks in time, as 
well as in space, I am perfectly prepared to believe. I cannot but 
think, however, that some of the generalizations on this subject 
which have been hazarded are somewhat premature. To a geologist 
(especially one belonging to the school of Lyell) it is equally difficult 
to conceive that there should be a broad distinction between the 
metamorphic rocks of Archasan and post- Arch cean age respectively, 
as that the pre-Tertiary volcanic rocks should be altogether different 
in character from those of Tertiary and Kecent times. 

The great object of all our studies (concerning the Morphology, 
the Phj^siology, and the Chorology) of the mineral kingdom ought to 
be to arrive at definite ideas concerning its iEtiology — the causes by 
which the existing forms, capabilities, and positions of minerals and 
rocks have been determined. 

While the fossils contained in rock-masses afford us the means 
for determining the date of their origin, the careful study of 
the minerals which they include may enable us to unravel the 
complicated series of changes through which they have passed since 
their first formation. 

Eighteen years ago, when endeavouring to show how the origin 
of a particular rock might be elucidated by a combination of studies 
in the field, in the chemical laboratory, and by the aid of the 
microscope, I ventured to offer to this Society some general remarks 
on this subject. As it has been my constant labour ever since that 
time to apply the principles then enunciated to the case of rocks 
of more complicated character and more recondite origin, I may 
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]^liape be forgiven for repeating the words I then used. Every 
rock since its first formation “ has undergone and it still is under- 
going a constant series of internal changes, the result of the action 
of different ^causes, as heat, pressure, solution, the play of many 
chemical affinities, and of crystallographic and other molecular forces, 
causes insignificant perhaps in themselves, but capable under the 
factor time of producing the most wonderful transformations. The 
geologist is called upon to unravel the complicated results, to 
pronounce what portion of the phenomena presented 6y a rock is due 
to the forces by which it was originally formed, and what must be 
referred to subsccpient change ; to discriminate the successive stages 
of the latter and to detect their various causes : in short to trace 
the history of a rock from its deposition to the present moment.’’ 

Dr. Wadsworth has well characterized the changes which take 
place in rock-masses as duo to the tendency of unstable mineral 
combinations to pass into stable ones. It must he remembered, 
however, that stability is a relative term, and that the arrangement 
of molecules which is stable under one set of conditions, becomes 
unstable under another set. As by the internal movements and the 
external denudation of tho earth's crust, the conditions under which 
rock-masses exist arc undergoing slow hut continual change, new 
adjustments of the molecular structure of the mineral elements of 
such rocks are at the same time necessitated and brought about. 

In attempting to reason as to t]\o or'ic/i nal conditions under which 
a rock-mass must have been formed, it is of great importance to 
avoid those sources of error w'^hich exist in rocks that have under- 
gone much secondary alteration. Such rocks abound in, though 
they are not necessarily confined to, the older geological formations ; 
and it is among the younger and fresher rocks, therefore, that wo 
may most hopefully seek tho key to mai y petrological problems. 

If, for example, we concentrate our attention upon tho more recent 
and less altered igneous rocks, it becomes clear that the degree of 
crystallization displayed by them has depended on the slowness with 
which consolidation has taken place, and that this has in turn been 
determined by tho depth from tho surface at which they have been 
formed. In this way, by the study of igneous rock-masses in 
Scotland and in Hungary, I was able to show that there is a perfect 
gradation from highly crystalline rocks (granites, diorites, and 
gabbros) into the ordinary volcanic types (rhyolites, andesites, and 
basalts, respectively), and from the latter into the various kinds of 
volcanic glass. These conclusions have been confirmed by subsequent 
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investigations like those of Hague and Iddings in the Comstock 
region, and of Lotti in Elba. Further and more recent researches 
have enabled me to show that certain tj’^pes of structure have been 
determined in rocks, according to the more or less perfect absence 
of all movement within them during their consolidation. 

Yery remarkable, indeed, are the internal changes which take place 
in rock-masses when they are submitted to those powerful stresses 
which result from the movements that occur during mountain- 
making. 

It was long ago asserted by Serope and Darwin that the solid 
rock-masses of the globe, under such conditions as these, must 
have flowed^ like the viscous lavas of the rhyolitic series. 

They were even able to show that the sei:>aration and disposition of 
the crystalline elements in sucli lavas present the closest analogy 
with what is seen in the crystalline schists and gneisses of greatly 
disturbed areas. 

Since these early and notable researches, which were principally 
based on the study of rocks in the field, aided only by the pocket- 
lens, three classes of investigations have served to deepen our insight 
into the, methods by which the schistose and giieissose rocks must 
have been produced. 

In the first place, the experiments of MM. Tresca and Daubreo 
have sliown that solid matter under enormous pressure behaves like 
a viscous substance, its whole internal structure exhibiting evidence 
of the flowing movements to whicli it has been subjected. 

In the second place, the studies of M. Spring have established the 
fact that both paramorphic change and direct chemical reaction 
may result from simple pressure. Thus the unstable monoclinic 
form of sulphur, by a pressure of 5000 atmospheres, is at ordinary 
temperatures instantly converted into the stable rhombic form, a 
transformation accompanied by change of density and of many other 
physical properties. Still more striking is the well-known case of 
the unstable, yellow, rhombic, mercuric-iodide, which, by simple 
rubbing with a hard substance, passes into its stable, red, tetragonal 
allomorph. It is instructive to notice that the same change in both 
instances appears to take place “ spontaneously ” after a sufficient 
interval of time ; or, in other words, small variations in tempera- 
ture, pressure, and other surrounding conditions are capable, if 
sufficient time be allowed, of bringing about the same result as more 
intense pressure applied suddenly. That the similar paramorphic 
change of pyroxene into hornblende, which is so frequently exem- 
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plified in the earth’s crust, is sometimes the result of intense 
presBure, and at other times follows from the repeated slight altera- 
tion of conditions during long periods of time, we have, I believe, 
abundant evidence. 

The experiments of M. Spring which prove that direct chemical 
reactions can result from the action of pressure, are, however, of 
even greater interest to the geologist. By submitting mixed powders 
to intense compression, he succeeded in producing metallic alloys 
and various binary compounds, and also in bringing about double 
decomposition between many salts. That similar reactions between 
the complicated silicates which form the minerals of rocks have 
resulted from the enormous pressures to which they have been sub- 
jected, we have the most amjde proof. Thus in rocks where such 
pressure has just begun to act, such as the “ flaser-gabbros,” 
wherever the unstable olivine is in contact with the almost equally 
unstable anorthite, chemical reactions hav'c been set up by the 
pressure, and these have resulted in the formation of zones of 
enstatite and anthophyllite, hornblende and biotite, which have 
been so well described by Tornebdhm, Bonnoy, Adams, and Williams 
Provided with the clue supplied by these results, we find little 
difficulty in going one step further. When the pressure has been 
still more intense, as in mountain-making movements, reactions 
are set np among all the minerals of the rock-mass, the elements 
•of which it is composed, set free from their old engagements, enter 
into new alliances, and the result is the formation of a completely 
new set of crystallized minerals. 

The third class of researches, destined, as I believe, to remove our 
difficulties in explaining the origin of the schistose and gneissose 
rocks, are those already alluded to as having been undertaken with 
the microscope. As yet the details of such changes have only been 
explained in the case of some of the simpler examples ; but I am 
convinced that the persevering application of the same methods in 
fhe field and the laboratory will result in the removal of difficulties 
that now seem to he absolutely insuperable. 

Some observers in this country have been led to infer that the 
recrystallizatioa of rock-masses under pressure has in all oases been 
preceded by their pulverization. Of this, I confess that I can find 
no evidence. That near great faults of all kinds this reduction of 
rocks to powder does take place, we find abundant proof ; but the 
evidence seems to me to also point to the conclusion that such 
rock^crushing, as distinct from roclc-Jlowing ^ is in every case local 
Gild exceptionaL 
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There is another and totally different series of changes which 
takes place in rocks, when, brought near to the surface by denudation, 
they are exposed to the action of water, oxygen, carbonic acid, and 
other atmospheric agents. The breaking-up of the alkaline sUicates 
and the deposition of secondary silica, the formation of the zeolites, 
the epidotes, the chlorites, and the serpentines, the resolution of 
crystallized minerals into isotropic mixtures, and the recrystalli- 
zation of these in new forms, all offer problems of the highest 
interest to the geologist. 

I may venture, in drawing those remarks to a close, to indicate 
another point of analogy between the throe Natural-History Sciences. 
It is found in the circumstance that experimental verifications of 
our conclusions are often difficult, if not actually' impossible. 

We must be content to reason from the proved variability of 
the existing forms of plants and animals as to the possibility of the 
production in time of new species. And in the same way, with our 
limited command of heat, pressure, and especially of time, we can 
scarcely hope to originate the exact counterparts of all the various 
minerals and rocks of our earth’s crust. 

We may nevertheless pobit with satisfaction to what, in spite of 
such difficulty, has already been accomplished in this interesting field 
of research. The honour of having pushed these researches to such 
successful issues belongs chiefly to the chemists, mineralogists, and 
geologists of Trance, To the labours of Senarmont, Daubree, and a 
host of other workers we owe the artificial production of a very 
large number of the minerals of our globe ; while the ingenious 
experiments of Pouciue and Michel Levy have resulted in the for- 
mation of many rocks differing in no essential particulars from those 
which have been produced by natural agencies. 

In the prosecution of his various researches the importance and 
value of exact Mineralogical knowledge to the Geologist is becoming 
every day more apparent. The temporary estrangement between the 
cultivators of Mineralogy and Geology is now happily and for ever at 
an end ; very heartily, indeed, do geologists recognize and welcome 
the aid of their brethren the mineralogists. 

But if it be confessed that the benefits, past and prospective, 
conferred on geological science by Mineralogy are vast and even 
incalculable, it must also be admitted that the debt is amply repaid 
by the beneficial influence which is being exercised in turn upon 
Mineralogy by Geology. 

Some time ago a distinguished mineralogist asked me if I did not 
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fed the ordinary text-books of his science but little calculated to 
arouse the interest or excite the enthusiasm of students. I am 
eure that the energy of my assent must at least have assured my 
friend of the strength of my convictions on the subject. 

Too long, indeed, has the accumulated mass of mineral-lore recalled 
the grim vision of the seer of Chebar. In that gruesome valley the 
wail of the student, “ Tlie bones are very dry ! ” has been echoed by 
the sigh of the teacher, “ Can these bones live ? But now from the 
four winds of heaven come the constructive ideas of many minds — 
from Scandinavia and from France, from Geimany and from the 
United States — and in obedience to this influence behold a great 
shaking ” in the formless mass. Scattered facts, isolated observa- 
tions, imperfect generalizations, and tentative hypotheses are falling 
together “ bone to his bone,’' and are building up a sound body 
of minenilogical knowledge, into which, the spirit of geological 
thought entering, Mineralogy shall stand forth a living science I 
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February 23, 1887. 

Prof. J. W. Judd, F.R.S., President, in the Chair. 

Edward Bickerton Milward, Esq., Gnibe Wohlfahrt, Hellenthal, 
Eifel, Germany, was elected a Fellow of the Society, 

The List of Donations to the Library was road. 

The following communications were read : — 

1. “On the Origin of dry Chalk Valleys and of Coombe Rock.” 
By Clement Reid, Esq., F.G.S. 

2. “ Probable amount of former Glaciation of Norway, as demon- 
strated by the present condition of Rocks u])on and near the western 
coast.’’ By W. F. Stanley, E.s<j., F.G.S. 

[Alwtr.iH.] 

The observations on which this paper are based were made in 
June last, during a voyages along the W(‘st coast of Norway. Inland 
conditions were also noted in the llarda.ng(‘r and Sogne Fjords, and 
a few trips up some of the valleys enabled these inland observations 
to be further extended. The Author limited his work to searching 
for oiitliiH^ evudenco of ice-action. The asj)ect of the coast for 
hundreds of miles consecutively has a uniform character of jagged 
and pointed rocks nearly to the sea-level. At the mouths of the 
fjords the rocks are more rounded, i^articularly at heights less than 
100 feet. Within the Arctic Circle the Swartisen glacier reaches 
nearly to the sea, and here the rocks are more rounded. 

The Author exhibited sketches showing the characteristic forms of 
the rocks, and concluded from a study of these that ice had never pr(‘- 
vailed along the entire weslern coast of Norway, neither had inland iee 
of any considerahle thickness flowed over this coast in sufficient 
volume to wear off the points of the sharjdy fractured granit e. Even 
the rocks below 100 feet are not more worn than is sometimes the case 
in tropical climates. The “ shark’s teeth ” of the Lofotens have not 
been planed down, nor is there any vestige of tlie great ice-sheet of 
our text-books within the Arctic Circle upon the coast of Norway. 
Rven in the Qords there is no evidence of ice-action until we arrive 
at tht^ head, where it is vtwy evident. Thcrc^ can be no better 
demonst ration of the extent of former glaciation than in the Romsdal 
valley, wlu^r(>i the line of the worn hase extends as high nj) tlu‘ rock 
as (K>0 feet 10 miles inland. He also instanced the ])riiu'i])nl glaciers 
of the Folge Fjord, now about 7 miles from the open water of the 
fjord, though formerly within half a mile. The angular character of 
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Discussion. 

Prof. Geikte said he had visited the count and had come to 
precisely opposite conclusions to the writer. It ai)pear(‘d to him 
that from the outer islands up to the higher mountains the lower 
grounds have been buried under a thick sheet of ice. Occasionally 
the higher parts of the sides of ^ords arc weathered, and the marks 
of glaciation have disappeared, whilst these marks are still distinct 
at lower levels. 

Mr. Ulanford asked if Mr. Stanley had seen Christiania Fjord, and 
remarked that, as clear evidence of glaciation on a large scale was 
found in Southern Norway, the coast at a more northern latitude 
could scarcely have been free from ice-action. 

Col. McMauhn r(}markod on the extent to which rocks are worn 
away and a rough surface given to rocks by severe frosts, as shown 
in the Himalayas. 

Mr. Stanley said the glaciation was peculiarly distinct in the 
heads of the valleys, where the granite has retained the jxdished 
surface left by the glaciers. The extraordinary hiet was that rocks 
of grey granite close to the sea should he so shaTj) as they are if ici' 
had gone over them, for instance so-called “ shark's teeth ” 
of the Lofoten Islands. The fact that the Stor Fjord was deeper 
than the ocean between England and Norway was also opposed to 
the idea of ice having cut the valle}'. 


The following specimens were exhibited t — 

Specimens of Eomsdal Gneiss, exhibited by W. F. Stanley, Esq., 
F.G.S., in illustration of his paper. 
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March 0, 1887. 

Prof. J. W. Judd, F.R.S., President, in the Chair. 

William Barlow, Esq., Hillfield, Muswell Hill, N. ; William 
Worby Beaumont, Esq., Memb.lnst.C.E., 229 Norwood Hoad, Herne 
Hill, 8.E. ; Martin William Browne Ffolkes, Esq., Assoc. Memb. 
Inst.C.E., 11 Delahay Street, Westminster ; Samuel James Hawkins, 
Ksq., 3 The Promenade, Highgate, N. ; and Jonathan Coulthard 
Walton, Esq., Writhlington, near Bath, were elected Follows of tho 
Society. 

The List of Donations to the Library was read. 

The following communications w'ero read : — 

1. ** On Chondrosteus acipenseroides^ Ag.” By James W. Davis, 
Esq., F.G.S. 

2. “ On Aidsfosuchus pusillus^ Ow., being further Notes on the 
Fossils described by Sir 11. Owen as Poilciloplmron pusilluSy Ow.’’ 
By Prof. H. O. Seeley, F.Ii.S., F.G.S. 

3. “ On Patricosauriis merocratm^ Seeley, a Lizard from the 
(vambridgo Greensand, preserved in the Woodwardian Museum of 
the University of Cambridge.” By Prof. H. G. Seeley, F.ll.S., 

F.G.S. 

4. “ On Heteirosiichns valdensis, Seeley, a proccelian Crocodile from 
the Hastings Sands of Hastings.” By Ihof. H. G. Seeley, F.R.S., 
F.G.S. 

5. ‘‘On a Sacrum, ai)parently indicating a new type of Bird 
(Ornithodcsmus clunicuhis, Seeley), from the Wealden of Brook.” By 
Brof. H. G, Seeley, F.ll.S,, F.G.S. 

The following specimens wore exhibited : — 

Specimens of Patricosauriis merocratus, Seeley, exhibited by Prof. 
T. M^^Kenny Hughes, F.G.S., in illustration of Prof. Seeley’s paper. 

A cast of the specimen of Uctei'osuchus valdcnsis^ Seeley, exhibited 
by Dr. H. Woodward, F.R.S., F.G.S., in illustration of Prof. Seeley’s 
paper. 
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March 23, 1887. 

Prof. J. W. Judd, F.ll.8., President, in the Chair. 

CJaude Black, Esq., 33 Kensington Gardens Square, W., was 
elected a Fellow of the Society. 

The List of Donations to the Library w as read. 

The following communications were read : — 

1. “ Notes on th(‘ Structures and Relations of some ot the older 
Rocks of Brittany.” By T. G. Bonney, D.Sc., LL.J)., F.li.S., 
V.P.G.S., Professor of Geology in University College, London, and 
Follow of St.John’s College, Cambridge. 

2. “ The Rocks of Sark, llerm, and Jeihou.” By Rev. E. Hill, 
M.A., F.G.S. 

3. “Quartzite Boulders and Grooves in ih<^ Roger Mine at 
Dukinfield.” By Jamcjs Radcliffe, Esq., F.G.S. 

The following specimens w^erc exhibited : — 

Rock-si)ecimens and microscopic Rock-sections, exhibited by Prof. 
T. G. Bonney, F.R.S., Y.P.G.S., and the Rev. Edwin Hill, F.G.S., in 
illustration of their pai)crs. 

A Quartzite Boulder in Coal, from the Rogtu- Mine, Dukinfield, 
exhibited by J. Radcliffe, Plsip, F.G.S., in illustration of Ins paper. 

Three Quartzite Pebbles from Coal, exhibited by W. S. Gresh^y, 
Esq., F.G.S. 


April 6, 1887. 

Prof. J. W. Judd, F.R.S. , President, in the Chair. 

Rev. Charles Leach, 50 Fernhead Road, London, N.W., was 
elected a Fellow ; and Senh. J. F. N. Delgado, of Lisbon, and Prof. 
Albert Heim, of Zurich, Foreign Correspondents of the Society. 

The List of Donations to the Library was read. 

The President stated that the “ Societe Ouralienne d’Amateurs 
des Sciences Naturelles,” established at Ekaterinebourg, had an- 
nounced their intention to hold a Scientific and Industrial Exhi- 
bition at that place during the present year, oi)cning on the 
27th May, and closing on the 27th September. 



PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 87 

On the requisition of a Fellow of the Society, three extracts from 
the Council Minute Book were read by the Secretary. 

The following communications were read : — 

1. “ On the Rocks of the Malvern Hills. — Part II.” By Frank 
Rutley, Esq., F.G.S. 

2. “ On the alleged Conversion of Crystalline Schists into Igneous 
Rocks in County Galway.” By C. Callaw^ay, H.Sc., F.G.S. 

S. “ A Preliminary Inquiry into the Genesis of the Cr5^8talline 
Schists of the Malvern Hills. ” By C. Callaway, D.Sc., F.G.S. 

The following specimens were exhibited : — 

Specimens and photographs to illustrate the latest volcanic erup- 
tion in Northern California and itjs peculiar lava, as described by 
J. S. Hiller, Esq., U. S. Geological Survey, exhibited by the Presi- 
dent. 

Rocks and microscopic rock -sections, exhibited by Frank Rutley, 
Esq., F.G.S., and Hr. C. Callaway, F.G.S., in illustration of their 
pax)crs. 

Photographs of microscopic rock- sections, exhibited by C. Bird, 
Esq., F.G.S., in illustration of Hr. Callaway’s papers. 


April 27, 1887. 

Prof. J- W. Judd, F.R.S., President, in the Chair. 

F. G. Brook-Fox, Esq., Assoc. Memb. Inst. C.E., Indian Public 
Works Hepartmeni, care of Messrs. Grindlay, Groom & Co., Bom- 
bay ; and Alfred Woodhouse, Esq., Barberton, Transvaal, South 
Africa, were elected Fellows of the Society. 

The List of Honations to the Library was read. 

The following communications were road : — 

1. “ On the London Clay and Bagshot Beds of Aldershot.” By 
H. G. Lyons, Esq., R.E., F.G.S. 

2. Supplementary Note on the Walton Common Section.” By 
W. H. Hudleston, Esq., M.A., F.R.S., Scc.G.S. 



rROOEBDlNGS OF THE GEOLOGICAL SOCIEir. 

Specimens wore exhibited by W. H. Hudleston, Esq., F.11.8., Sec. 
G.8., in illustration of his paper. 


May 11, 1887. 

Prof. J. W. Judd, F.R.S., President, in tho Chair. 

Hugh Ker Colville, Esq., Linley Hall, near Broseley, Shropshire, 
and J. Wjilter Cr<^gory, Esq., Clare House, Goulton Iload, Clapton, 
E., were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “ Further Observations on Jlyperodapedon QordoniJ' By Prof. 
T. H. Huxley, LL.D., F.ll.S., F.G.S. 

2. “ On the Bocks of the Essex Drift.’’ By llev. A. W. Howe, 

M.A., F.G.S. 

3. “ On Tertiary Cyclostomatous Bryozoa from New Zealand.” 
By Arthur W. Waters, Esq., F.G.S. 

The following specimens were exhibited : — 

Casts of sjxjcimens of JTyperodapedon Oordoni, exhibited by Dr. H. 
Woodward, F'.K.S., V.J’.G.S., in illustration of l*rof. Huxley’s papoj . 

Bock-specimens from the Essex Drift and microscopic rock-scc- 
tions, exhibited by the Bev. A. W. Bowe, M.A., F.G.S., in illustra- 
tion of his paper. 

Si)ocimeiis of rocks from the Bouldcr-clay of Finchley, exhibited 
by H. M. Klaassen, Esq., F\G.S. 

Photograph of mud volcanos, “ Devil’s Woodyard,” Trinidad, 
exhibited by B. V. Sherring, Esq., F.L.S. 


May 25, 1887. 

Prof. J. W. J UDD, F.B.S., President, in the Chair. 

James William Barry, Esq., [)7 Lansdowne Bead, W. ; William 
Fairley, Esq., Bugeley ; and Joseph William Gray, EH(p, Spring Hill, 
Wellington Bead South, Stockport, were elected Fellows of the 
Society. 



PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


89 


The List of Donations to the Library was read. 

The following communications were read : — 

1. ‘“On the Remains of Fishes from the Ken per of Warwick and 
Nottingham.’^ By E. T Newton, Esq., F.G.S. ; with Notes on 
their Mode of Occurrence by the Rev. P. B. Brodie, M.A., F.G.S., 
and E. Wilson, Esq., F.Gr.S. 

2. “ Considerations on the Date, Duration, and Conditions of the 
Glacial Period with K'ference to the Antiquity of Man.” By Prof. 
Joseph Prestwich, M.A., F.R.S., F.G.S. 

3. “ Notes on some Carboniferous Species of Mnrclusonia in our 
Public Museums.” By Miss Jane Donald. (Communicated by J. G. 
(Joodchild, Esq., F.G.S.). 

The following specimens were cxhilntcd : — 

SpccL jns of fishes from the Kouper near Shrewley, exhibited by 
the Rev. P. B. Brodie, F.G.S. ; and sp(‘cimens of the fishes from the 
Keupor near Nottingham, exhibited by E. Wilson, Esq., F.G.S., in 
illustration of the paper by E. T. Newton, Esq., F.G.S. 

Specimen of Chondrosteus aci’penseroiffes, Ag., exhibit(‘d by J. W. 
Davis, Esq., F.G.S. 


.lime 8, 1887. 

I’rof. J. W. JiTDT), F.R.S., President, in the Chair. 

Edwyn F. Barclay, Esq., 20 Stanhope Gardens, S.W., and Ed- 
ward Bouverio Luxmore, Esq., M.A., Bryn-Asaph, St. Asaph, wen* 
elected Fellows of the Societ3^ 

The List of Donations to the lAbrary was read. 

The following names of Fellows of the Socict}- wmre read out for 
the first time in conformity" wdth the Byu^-laws Sec. VI. B, Art. r>, 
in consequence of the non-payment of the arrears of their contri- 
butions G. B. Luke, Esq., W. J. Nevill, Esq., N. W. Rudston- 
Read, Esq., F. Warwick, Esq., Rev. J. McCann, and D. Thomas, Esq, 

The following communications were read : — 

1. “A Revision of the Echinoidea, from the Australian Tor- 
tiaries.” By Prof. P. Martin Duncan, M.B., F.R.S., F.G.S. 
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2. ‘K)n the Jjowor Tart of the Upper Cretucoons Series in W est 
Suffolk and ^Norfolk.'’ liv A. .1. Jukes-Urowno, Ksq., B.A., F.<!.S., 
and W. Hill, Esq., F.U.S'. 

3. “ On some Occurrences of Picdmontite-schisfc in Japan.” Uy 
Prof. B. Koto. (Communicated hy Frank Hutley, Es(i., F.G.S.F 


The following s])ocimens were exhibited : — 

Specimens exhibited by Prof. P. Martin Duncan, M.B., F.H.S., 
F.G.S., in illustration of his ])a]>er. 

Specimens exhibited by A. J. Jukes-Browne, Esq., F.G.S., and 
W. Hill, Esq., F.G.S., in illustration of their paper. 

Microscopic rock-sections, exhibited by Prof. B. Koto, in illus- 
tration of his paper. 


June 23, 1887. 

Prof. J. W. JtJDD, F.R.S., President, in the Chair. 

Charles James Buckland, Esq., Athenseum Club. Sydney, and St. 

Stephen’s Club, S.W. ; Henry Kamsay’’ Collins, Es(j., Assoc. Memb. 

Inst. C.E., Durban, IVatal; Josei>h Eandon, Esq., OVaining College, 

Saltley, Birmingham ; Charles Davies Sherboni, Esq., 540 King's 

Hoad, Chelsea, S.W. ; and John Udall, Esq., Bed Street Board 

School, Birmingham, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following names of Fellows of the Society were read out for 
the second time in conformity with the Bye-laws Sec. VI. B, Art. b, 
in consequence of the non-payment of the arrears of their eontri- 
butions ; — 0. B. Luke, Esq., W. J. Nevill, EHq.,N. W. Kndston-Bead, 
Esq., F. Warwick, Esq., Ih v. J. M®Cann, and D. Thomas, Flsrj. 

The following communications were read : — 

1. “ On Nepheline Hocks in Brazil, with special Reference to the 
Association of Phonolite and Fovaitc.” By Orville A. l)er]>\% Es(|., 
F.G.S. 

2. “Notes on the Metamorphic Rocks of South Devon.” By Miss 
Catherine A. Raisin, B.So. ( Coin munica ted by J*rof. T. (*. Boniiey, 
D.Sc., LL.D., F.R.S., V.P G.S.) 
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3. ‘^On the Ancient Be.ic]i and Boulders near Braunton and 
CJroydo in North Devon.” By Prof. T. M‘Keriny Hughes, M.A., 

F.d.S. 

4. Notes on the Formation of Coal-seams, as suggested by evi- 
donee coll(!cted chiefly in the Leieestersliire and South Derbyshire 
Coal-field.” By W. S. (xresley, Ksq., F.(r.S. 

5. ‘‘Note on some Dinosaiiriaii Beniaiiis in the Collection of A. 

Leeds, Fs(]. I'ai't 1. OrniHi L.'viUU. — Partil. Oniosaarm^ sj).” 

By J. W. Hulke, Esq., F.R.S., F.U.S. 

6. “ Notes on some Polyzoa from the Lias.” Bj^ Edwin A. AVal- 
ford, Esej., F.(j.S. 

7. “ On the Su}>erfieial Geology of the Southern Portion of the 
Wealdcu Area.” By J. Yinceut Elsden, Esq., B.Sc. (Commuuicated 
b}’ the President.) 

8. “ Report on Paheo-botanical Investigations of the Tertiary 
Flora of Australia.” By Dr. Constantin Baron von Ettingshausen, 
For.Corr.G.S. 

9. “ On some new Features in Pelanechlmis corallhmsP By T. 
T. Groom, Esq. (Communicated by Prof. T. M‘Kenny Hughes, M. A., 
F.G.S.) 

10. “On Boulders found in Scams of Coal.” By John Spencer, 
Esq., F.G.S. 

The following specimens were exhibited : — 

Kock-specimens exhibited by O. A. Derby, Esq., F.G.S., in illus- 
tration of his paper. 

Itock-speeiniens and microscopic sections exhibited by Miss Raisin, 
B.Sc., in illustration of her paper. 

Iron model of a boulder, exhibited by John Spencer, Esq., F.G.S., 
in illustration of his paper. 

S])ceiTnens exhilhted by Edwin A. Walford, Esq., F.G.S., in illus- 
tration of his paper. 


A Special General Meeting was held, at which the Rev. G. F. 
AVhidborne was elected a Member of the Council, in tlie room of 
A. Champernowne, Esq., deceased. 
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I. ADDITIONS TO THE LIBRARY. 

1. pEiaODICAES AND PuDLICATIONS OF LeABNED SOCIETIES. 

l^resented hy the resjyectlve Societies and J^ditors, if not oOunvist 

stated. 

Acadoni}’. Nos. 738- 7G4. I88G. 

— ^ — , Nos. 7G5-78D. 1887. 

Adelaide. Royal Society of Soiitli Aiisiralia. IVansaclions and 
Ri’ocoodiiiji'S and Re]>ort. Yol. viii. J88L8r). 1 88G. 

,T. ,L East. On a (leo)og-ical Seciioii from tJie Head of 8t. Vincent 
CJiilf eastward across llie \N'ali<Iield and Jn’gl it- River Basins, i. — (t. 
Sconlar. I*ast (..■liinatic C’lian<>es, witli sjx’cial rerevi'nco to the occurrence 
of a (Racial Ejiocli in A ustralia, .‘>(>, — L*. I’ale. J’osi-Aliocene Climate in 
Sontli Australia, 4D. — W. IloAvcIiin. On the I'o.ssil Eoraminifera from 
tile Oovm'iumnit Borina: at Herf»ott, with {iener.il nmiarJis on the Si'clioii, 
and on other fornns of JNlicrozoa obseried therein, 7D. — It. Tate. Supple- 
mental JNotes on the Ralliidaanc.lis of tlu‘ Oldei- Ti'rtiary of Australia, 
and a desciiplien of a new Specie.s of lUnjuchouelhi, D4. — R. Tale. The 
] jamellibranchs of the Older Tertiary of Australia, Ihirt 1, D(). 

Aji:ram. Societas Ilistorico-lSaturai' Cj-oaticu,. Olasnik, Oodina 1. 
Broj. 1~(). (8vo.) ]88t>. 

D. (lorjanovic-Kraiiibtrj^er. Raheoiclithyo]ofj:;ische Beitriigi*, 12:*. 

Analyst. Vol. xi. Nos. 12:2-1:28. ISSG. 

A. IVrcy Sinitli, C)n the INlicro-cUeuiical examination of Crystalline 
Itocks, IDJ. 

. AT)], xii. Nos. I2D— 134. 3 887. 

Annals and JMagazinc of Natural History. Ser. 5, A^ol. xviii. Nos. 
103 108. 188(>. PureJutsfd. 

11. A. Nicholson. On some iu‘w or inijierfeef 1 v-hiiown Species of 
StromntopoiTuds, 8. — II. Jianlf. Ou the ( Jenus HJl). — 11. B. 

Brady. Note uii Orbit ut it itafica^ Costa, sp. { Orbit (dites truuistti}na, 
Carpenter), 10 1 . — lA Al. Duncan. On the ( Jemis llindid and its Species, 
22ii. — T. Rupert Jones and .lames \\\ Kirkhy. Notes on the l^alu.mzoic 
Entomostrtica, No. XXII., 240. — Ih 11. Carpenter. Note on 
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the Structure of CrotalocrinuSj 397. — R. IT. Traquair, On Ilaf'jmcantJius, 
a new Genus of Carboniferous Selachian Spines, 493. 

Annals and Magazine of Natural History. Ser. 5. Tol. xix. 
Nos. 109-114. 1887. Parchased. 

H. A. Nicludaon. On some new or imperfectly-known Species of 
Stroiuatoporoids, 1. — G, It. Vine. Notes on a Species of l^lntalophora 
from the Neocomiau Clay of J Lincolnshire, 17. — R. II. Carpenter. The 
Morphology of Aniedtyti rosacea^ 19. — G. J. Iliude. On the Genus Ilhidiay 
lluncan, and the Name of its Typical Species, (17. — P. II. Cfirpenter. The 
Generic Position of Solnuocrinusj 81. — P. IVI. lluncan and W. P. Sladon. 
On some Points in the Morphology and Classification of the Saleniidte, 
Agassiz, 117. — T. Rupert Jones and James W. Kirkby. Notes on the 
Paheozoic Rivalved Rutoinostraca, No. XXIII., 177 ; No. XXIV., 400. — 
P. M. Duncan. A reply to Dr. G. J. llinde’s Communication “ On the 
Genus Jlindia^ Dune., and the name of its Typical Species,” 200. 

Athenaeum (Journal). Nos. 3001—3087. 1886. 

. Nos. 3088-3112. 1887. 

. Parts 702-708. 1886. 

. Parts 709-714. 1887. 

Barnsley. Midland Institute of Mining, Civil, and Mechanical 
Ihiginecrs. Transactions. Vol. x. Parts 82-87. 1886 and 

1887. 

R. Gascoyne. On the Eastern Extension of the Leeds and Nottingham 
Coal-field, 250. 

Basel. Naturforschende Gesellschaft. Vorhandlungen. Tlioil viii. 
Heft J . 1886. 

V. Gillieron. La fauno des couches a Mjjlihis conaideree comme phase 
mdcoiinue de la trail sformatiou de formes animalos, 133. 

. Schweizerisclie paliiontologischo Gesellschaft. Abhandlun- 

gen. Vol. xiii. 1886. 1886. J\(}'chaf<ed. 

F. Koby. Monographie lies })olvpiers jurassiques de la Suisse, (P partie, 
No. 1. — A. Wettstein. Ueber die Eischlauna des tertiaviui Glarnerschie- 
fers, No. 2. — 1*. de Loriol et I’Abbe Jhmrgeat. Etude sur les mollusques 
des couches de A'aliin, No. 3. 

Bath Natural-History and Antiquarian Field Club. Vol. vi. No. 2. 
1887. 

II. D. \V oodward. Notes on the Gt'ology of Brent Tvnoll, in Somerset- 
shire, 125. — 11. li. Woodward. Notes on the Ham Hill Stone, l82. 

. Royal Literary and Scientific Institution. 16th Annual 

Report, 1 884. 1885. 

Belfast Natural-History and Philosophical Society. Rej)ort and 
Proceedings for 1885-86. ISSCJ. 

W. 11. Patterson. The History and Ijegends of soiiK; Irish Lakes, 7. — 
W. Swanston. Important local getdogical discovery, 18. 

Naturalists’ Field Club. Annual Report and Proceedings. 

1885-86. Series 2. Vol. ii. Part 6. 1887. 
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Berlin. BcutRche geologische Gescllschaft. Zeitschrift. Band 
xxxviii. llcfte 2-4. 1886. 

fr. Berpiiclt. l)er oberoliprociine Meeressand zwisclirn Kibe iind Odor, 
2'')5. — f_T. Do Geer. ITober eiii Oon^lomerat im XTrp'e})irg-e btl WevstanS in 
Sc'hrmeii, 2(>6. — J. AValtbor nnd P. 8cliirlitz. 8tiidioii y.iir Geolope des 
Golfes von Neapel, 295. — B. Boeb. Boitraoe ziir Kernitniss dor Flora des 
saebsiHcben Olip^cans, •‘»42. — F. Walinselmire. Die liissai tipeii Bildunjren 
am Bandt" des norddeutselion Flaehlandes, 653, — A. \ . Groddeck. Zur 
Kenntniss der Zinnerzla^’^erslatten des Mount Biseboirin Tasinanien, 670. 
— K. Kdlhaek. Beitriip^ zur Geolope der Insel Island, 670. — C. W. 
Sclirnidt. ITeber das (Tolarpland von TIsfjm})ara, 450. — F. J. ]\ Yan 
Calker. Annvcln/tes f hn in Diliivial^esebieben der Ge^end von Niemv 
Amslco-dam, 452.— -Vanliol'en. Kiniijfe fiir Ostprenssen iieiu? Gt^seliic'be, 
454. — Giirieli. ITeber Darfylosaurus, 457. — A. Pem-k. Boobaebtiinpren 
liber den Anfljan des Flballuvium bei Ilambnrjr von ITtorn K. Wicbinaun, 
45H. — .7. Felix. TTiitersuchiing-en iiber fossile ITiilzer, 1?^6. — TT. Credner. 
Das “marine O})erolip)e;in ” von Markraiistadt b('i 496.— Ck 

Baminelsbc'rp Tulx^r die: elierniselie Ak'itiir des Fndialyts, 497. — C. Bam- 
nKdsbfTjr. B('itra*j:(‘ zur eln'iniselien Kennlniss des Vesiivians, 507. — A. 
'Wiebmann. ZurGc'olope von Nowaja Semlja, 51 (). — Y\^. Dames. l^^elxT 
einip) Crnslaeeen ans den Kreidi'ablap'runpren des Kibanon, 551. --1I. 
Ciedner. Die StepxM'pbalen ans d<‘m B,otliliep‘nden d('S Pl.men’scben 
Grundes b(‘i I b‘(‘sden, l i, 570. — K. (ibbeke. ITeber deji^,Glaiilvopljan nnd 
seine Verbreitnni^iii GeMteinen,(>64. — 1^1. Geinitz. lJ<‘ber Asar nnd JvniiK^s 
in IMecddenbnijr, 654. — F. Boraer. Utdxu’ ein massenbafti's Voi'koninien 
von p’oaseii Gvana.t-Krvsl alien im Boden d(‘r Stadt Breslau, 726. — G. 
Bidun. Di(‘ Gatiunpm 7Vre/o/??/e/7^7A>^/e?/ nnd 7>a/y/o, 72'.- \V. Brulmis. 

Der J^or])byritznnnf yon Wilsdriill-Potseba.ppel, 76(5. — 1\ Biiiner. Noliz 
liber Bilobilen-iilinliebe als Diluvial-G(‘se}iiebe vorkomniende Kiirper, 702. 
— (T. Oeliseniiis. Uelx'r das Alter (uniter ll]eil(‘ der siidarnei ienniselieu 
Auden, 7(»6. — 4. T. Sterzel. Nener Beilrapi zur Kcujiitniss I'ori Dfchxo- 
7iit(S Pluf k<‘n(’ft\ Th’onpiiiirt, sp.,776. — F. Xiitliiip;-. Felx'r die Ijneferunp- 
verluiltnisso ciiier fpiartiiren Fauna im Gebiete des .lovdantlials, 807. — 
F\ Niillinp FnGvurf eiuer Gliederunpr der Kreideformatiou in Syrieri 
nnd Palnstina, 824. — K. Picard. ITeber ()])biuren ans dmu Obeven TNlus- 
clndkalk bei Seblolbeim in I’liurin^reii, 870. — A. von JviJiK'n. Llelx'r das 
IMittel Olig-ocjin von Aarlius, Jutland, 886 . — II, Knniscli. hturp- 

'/iifzensis, nov. s]icc., ans dem Miiselielkalke t )beTselilesi(‘ns, 894. — C. 
Se.bliiter. Arc/urt>cj/<tf/uf,sim rnssiseben Siliir ?, 899.- — 7'7 Geinitz. Ans- 
stelieiider C)li<rocaiier 8and in Meeklenbnrp 970. — (k Oebsenins. I’eber 
das Anftreleii von l*iiospliorsaure im rsatron-sal})elerbecktm von Chile, 
917. 


• . Gesellsebaft naturforscliender Frcundc. 8it.zunps-Ben elite. 

Jah rf.? a n " 1 S 80 . 1 8 8 0 . 

3k Tvolu'ii. 1 Tel)er Geliirn nnd Gelior fossiler CroeodilidcMi, 2, — F.X^kUvSS. 
ITeb('r 8i]t2:illaiien,<».' — F. Xdtlinp Vorle«run«i: eiiiip-rbis ilia- 11 aiiisehzaline, 
7 6. — F. Nollin^'-. Vovh'frnnp’ voji (Trust aeeenresb n aiis d(‘m oberolioociinon 
Sternberp^r Gestein, 6,2. — W. Dames. Xk)rleiyini^>- t'ines snblbssilen Oro- 
eodil-lfumcrus von IM adaf»ascar, 68. — K. "Weiss. Mitllieilunpui zur Sipl- 
lavic'n-Fraere, 70. — 7k v. Martens. Voizdjjconp: von l^rof. Selnveinfurth 
p^snmmelter siibfossiler Siisswasser-Conchylien aus dem Fajum-Becken 
in yFlgypten, 126. 

. Koniglicb-pireussische Akadomic der Wissenschaften. Sit- 

znngsborichte, 1886. Kos. l-r>6. 1880). 

C. Bammelsberg. Ueber die cliemische Natiir des Eudialyts, 441. — 
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J. Kiessling. Die Bewegimg des Krakatau- TIauches im Soptomber 
52i). — J. Partsch. Bericlit uber die wissensehaftliehen ICigebnisse sniiuT 
Keiseii aiif deii luselu des EoiiiscUen Meeres, (>1^). — C\ Gottselie. Geolu- 

t 'sche Skizze von Korea, 857. — J. Rotli. Dt'itrnge znr Petrographie von 
orea, 875.— J. Kotb. Vulcanische Au.sbrucb in Nord-Nousetdand, 040. — 
J. Poth. Krdbebeii in Malta, 04.‘>. — M. Websky. U(‘ber OaraeoUt und 
I’erevlit, 1045. — A. Arziuni. Mineralogischea aiis deni Sunarka-Gebiet 
im Slid- Ural, 1211. 

Berlin. Kojiiglich-preuasische Akademio der AVissonschuftcu. Sitz- 
ungsberichto, 1887. Nos. 1-18. 1887. 

. Kiiniglieh prcussische geologisclie Landcsanstalt und Berg- 

akadomio. Jahrbuch. 1880-8-4. 1881-85. 

. . Jahrbuch fiir das Jahr 1885. (8vo.) 1880. 

Mittheihingen aus der Aiistfdl, vii-xcv.- — A. va)n Groddeck. Studien 
iibor Thonsidiieler, Chingllioiiseliieler und SericiLselinder, 1. — A. von 
Kiiiieii. U<^ber das Vc'ilialten aoii Thslokalioneii im nordwestlielu'n 
Deutsidiland, 54. — 11. Jjoretz. Zur JJtmrtladlung der beideii Ilaujd- 
Streiclirii’htungeii im siidiistliidien Thuringer Wajdt‘, besondto's in tier 
Gegend von Giiil'mithal, 84. — U. 11. Zimmennanii. lOin neiior JMoiioni;)- 
arie aus dem osUliuringiseben Zecdi.stein LichcaNi/.:^), 105. — 

U. Weis.s. Unlersucdintigen im Jivbniker .Stt!inkoli]ei)gebiel<‘ Oberseble- 
sioiiM, 120. — P. Walinschalie. MiUheihiugen iiber da.s Alluvium in r 
llatbt'iioAver Gt^gtmd, 124. — 11. Grebe. LU‘ber 'Jdjalbildung auf der liiilten 
lllieinseite, insbesondei'o iiber die Bildung de.s unterii Nahetiiales, J4.’). — 
II. Grebe. Neueie Jieobiiedil ungeu iiber vulkanisehe J-j-sclieinungen am 
JMosenberg bid jManderseheid, btd fJirresbnrii und in tier Geginid Ann 
Bertrieli, 1()5. — K. T. Uiebe nnd K. Zimmermaim. Die Jiijigereii J0i ii])tiA'- 
gebilde ini Siidwesteii Ostthiiringeiis, 178. — K. A. j.osseii. Geologi.-elio 
und pidi'ograpjiist.die Ueitriige zur Kennliiiss dos I lavze.s, J 01 . — II. SeJirodi'i*. 
Ueber zwei neiie Piind[)Uijkte mariner Diluvialconehylii'ii iii ( Istpieusseii, 
210. — 0. It). Weiss. Gerolle in mid anf der Knhle von Stididvolilenlldtzeu 
beyonders in Oberselile.sien, 212. — W. h^nntzeii. Die Pntsleliung tier 
Liis.spuppen in den iilleren lo.'ssai ligeii Phonabl.igernngen d«‘S ANhuTutliales 
])ei Meiningen, 257. — J. G. Bornemaiin. Beitvage znr KennUiiss des 
Muse.lielkallts in Tiiiiringeii, 2(>7. — F. Kloclcniann. ( 'barakteristi.^clie 
J babas- und Gabbro-Tyjien unlin* den norddiMitstdn-n Diliivialgesidiioben, 
422. — G. Berendt. Geegno.'-li.-elie SJtizze der (legend von (ib'gau und 
das Tielbohrlneli im dorliger Kri eg.' seh ule, 447. — G. 1). Weiss. Ueber cine 
Buntsandstein-Sigillaria und dereii naeluste Verwandte, 450. — O. Jt). A\ eis.s. 
Naclitiag zu der .Vbliandliing “ Gerolle in und auf der Kolde von Stein- 
kobleiiilotzen, besmitiers in (Jberscblesien,” 4(52. — JI.Gi’t;bt*. Ueber die 
Veibreilung vulkaniselieii Sandes auf den Ilncldl.ieln n zu btdden 8eilen 
der Mo.sel, 4(54.— It. Klebs. (Jastropoden im Bernstein, 4(5(5. — A. Jeutzscli. 
I>as l*rolil der JOiseiibahn Iknent- Seboneck-lloben.'^lein, 405. — A. 
Jentzscli. l^a.s Ib'olil der Uisenbabn Zajonskowo-Ldbau, 424. 


E, Ramaiin. Der Ottsteiu und almliche Secundarbildungen in den 
Diluvial- und Alluvial-»Sauden, 1. 

. Paliioiitoltigischo Abluiiidlungcn. Band iii. Ilcfte 3 & 4. 

1880. Pu rchased. 

F. Freeh. Dio- Cyathophyllideii und Zapbrentiden des dinitsebeu 
Mitteldevon, 1 (lleft 4). — ,1. l'. Sterzel. Die Flora des Itothiiegenden im 
iiordAvestiichon Sachsen, 1 (lleft 4). 
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Berlin. Zeitscbrift fiir das Berg-, Hutton- und Salinenwesen im 
prenssischen Staate. Band xxxiv. Lief. 3 & 4. 1886. Pre- 

sented hy the Ministry of Public Worlcs, 

Brathuhn. Bio Umarbeitung der Oberharzer Grubenriase, 175, — Grass- 
mann. Das Richelsdorfer Kunfer- und Kobaltwerk in Hesaen, 195. 
W. Itittershaus. Der Iberger Kalkstoek bei Grimd am Ilarze, 207. 

. . Band xxxiv. Statistische Licferungen 1-3. 1886. 

. . Band xxxiv. Atlas. Tafeln 1-19. 1886. 

. . Band xxxv. Lief. 1 & 2. 1 887. 

E. Ililger. Dio Abiagerung dor productiven Steinkoblonformation in 
der Horst-RocJdingliau.sener Mulde dos Niodorrhoinisch-Wostfalischon 
StoinkoLlenbt'ckens, iintor besondorer Heriicksiolitigung d<‘r nenej'ton Aut- 
achliissc d(!r Zochon Sclilagel und KLson, Evvald, (iraf Bisiiuirok, (ieneral 
Dluinentiial und Kiinig Ijudvvig, 30. — E. Onppell. l^ebor die Erzfiihriing 
der Oberschlesiscben Trias ndrdlich von Tarnowitz, O.S., 99. 

. . Band xxxv. Atlas. Tafeln 1-12. 1887. 

Bern. Schwcizer Alpenolub. Jahrbuch. Jalirgang 21, 188*5-86. 
18S(). Also Beilugen. Purchased . 

A. Heim. Notizon iibor Wirkungeii des Blitzscblagcs auf Ciostoiuo, 
342. — E. A. Eorel. I^‘s variations periodiejues des glaei(^rs di^s Al}>s, .358, 

. . . Repertorium und Ortsregistcr. Band i.-xx. 

8vo. 1886. 

Birmingham. Mason Science (/ollcge. Calendar for tlni Session 
1886-87. 1886, 

Birmingham Pliilosophical Society. Proceedings. Yol. v. Part 1 
( 1 885-86). 1 88f). 

O. Davison. On the Exi.sfenco of Undi.stiirbod Spots in Earthqiialvo- 
sluilem Areas, 57. — J. II. 7*Iayer. Analys<*s of Tiasalts, 122. — Jl. W. 
Crosskey. Nolo on the Glacial Geology of tlu^ district arouiid LocJi 
S\\ oon, Argyllshire, 219. 

Bordeaux. Societe Liiinecnne. Actes. Yol. xxxiv. (Sei'. 4, Tome ix.). 

1885. 

E. A. Benoist. Desori]>lion geoiogiquo et paldontologiquo des ooni- 
niiines de Saint- ICsle|iho et de Vt'rthi-nil, 79. .‘iOl. — hi. A. Beunist. 
Jidvision de la list <Ie.s espeees lbs.silt‘S, appartenant aux fainilh's df‘S 
Ihiccinkhe et des NassidcCj trouvees dans les falnns lniof•ell(^s du Sud- 
Onest, xvi. — E. A. Benoist. Sables ern])tifs des graviores de Moinuqjos, 
xxiv. — E. A. Ikmoist. Coinpte-reiidn geologiqiu' de rexcnision trinn^s- 
Diello fnite a Villandranl; et a Balizae, xxxi.- -E. A. Benoist. Eorago 
d’nn puits an rnonliii de Perron, eoiiinnme de Taiiidiivis, xxxiii. — Pi. A. 
Benoist. Lo pnits artesion du Pare Bordelas, I. — Pi. A. Ikmoist. Compte- 
reiadu gdologique de rexciirsion trimestrielk' a Vertheiiil, Ixii. 

Boston (Cambridge), Anjcriean Academy of Arts and Sciences. 
Memoirs. Centennial volume. Yol. xi. Part 4. Nos. 4 & 5. 

1886. 

. . Proceedings, N. S. Yol. xiii. (whole ser. vol. xxi.). 

Part 2. 1886. 

P. NY. Huntington. On the Crystalline Structure of Iron Meteorites, 
4 78. 
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Boston (Cambridge). American Academy of Arts and Sciences. 
Proceedings. N. S. Vol. xiv. (whole ser. vol. xxii.). Part 1. 
1880. 1887. 

G. W. Leighton. Contributions from the Chemical Laboratory of 
Harvard College, 158, 

. Society of Natural History. Memoirs. Yol. iii. Nos. 1:3 

&;i:i 1886. 

S. II. Scudder. The oldest Iniown Insect-larva, Mormohiooidea artivii- 
lafus^ from the Connocticut-Kiver Rocks, 401. — S. IL Scuddcr. Note on 
th(i supposed Myriapodaii Genus Trto/iiulnsj 408. — S. II. Scudder. .:V 
Review of Mesoz( ic Cockroaches, 4^»0. 

Proceedings. Vol. xxiii. Part 2. 1880. 

JNI. 10. Wadsworth. On the relathm of tlie ^Mveweenawaii Series’’ to 
the Ikasteru Sandstone in the vicinity of Torch Lake, Michigan, 172. — 
INI. L. Wndsworth. I’lie Tlamries of Ore-Deposits, 107. — M. K. Wads- 
worth. On a supposed Fossil from tins Copp(u-hearing Rocks of liake 
Superior, 208. 

Brisbane. Acclimatization Society oi Queensland. 20th Report, 
IS85. 1880. 

Bristol ^luseum and Library-. U(‘port of Proceedings at the 10th 
Annual Meeting, lield 21th February, 1887. 1887. 

British Association for the AdvanceiiKuit of Seicmce. R(?port of the 
55tli Afoding, field at Alxu’docn in Si'ptmnbm’ 1885. LSSt). 

.1. D. Everett. Seventeenth Report of the Committee ap})ointed fortlie 
purpose of investigating tlie Rate of Incnaise of Endi'rground Temperfi- 
tnre downwards in various localilii^s of Dry l^and and uiKhn* Water, — 
T. Ru})ert Jones. Third Rcjiort of ( ’onnniltee on the Fossil Phyl- 
lopoda of the Palaiozoic Rocks, .*>2(). — .1. iNliliK'. Filth lieperl of the 
(’ommittoe a]ipointed for the purpose of investigating Earthquake 

PluMUunena of .Tapan, .*>(>2. — (h hi. De Ranee. hile\ enth Report of the 
C(*niiijitto(' appeiiiti'd for th(‘. ]nirposo of inv(‘stigaiing tlie Circulation of 
ITnde'rground AVat(‘i*s in the I’eriiieahle Eormatimis of JOngland and Wa]('S, 
and the Quantity and (Character of the Wat«'r su]>])lied to various Towns 
and Districts from tliese Formations, — II. .1. .Tolinston-Lavis. Report 
of tin*. Committee for tin* Investigation of IIk- Volcanic I'Jienomena of 
A’^esuvins, .‘iP5. — .1 . S. Gardner. R.e]>ort of the ( himmittef* on tlm Fossil 
Plants of the Tertiary and Secondary Beds of tin* Dnited Kingdom, OiM^. 
- — \V,To]df*y. Report of the Ciomniittoe a]q>ointed for tin? purpose of 
inquiring into the Rate of Ih'o.sjon of tlie Sea,-coasts of Fngland and 
A\ ales, and ilui Inflmnu*.*'! of the Artificial Abstraction of Sliinglo or other 
material in tliat action, 404. — G. R, Vine. Report of the Comniittet^ 
appointed for the purpo.se of reporting on recent l*o]yzoa, l.'^l . — T. <J. 
Bonney. Report on tlie Rocks collected by II. 11. Johnstoiu', l^sq., from 
the upper part of the Kilima-niaro massif, 0S2. — C. Alddruin. A Dihiilar 
Statement of the Dates at which, and the Localities where, Pumice or 
Volcanic Dust was seen in the Indian Ocean in 1883-S4, 773. — AV. 
AA hitaker. T.istof Work.s on the Gtadogv, Mineralogy, and Paluiontology 
of Staf lord shire, Worcestershire, and AVarwicksliire, 780. — A. Darker. 
On Slaty Cleavage and Allied Rock-Structures, with special nd'erence to 
the Mechanical Theories of their Origin, 813. — .T. AV. Judd. Pri'sidential 
Address to Section C, Geology, 004. — G. A. Lihimr. On some recent 
Earthquakes on the Durham Coast, and. their probable cause, 1013. — E. 
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Hull. Notice of an Outline Geological Map of T^ower Egj^pt, Arabia 
Pelrsea, and Palestine, ]01»5.-r-E. Hull. On the Occurrence of Eower 
Old Red Oonglomerate in the Promontory of the Faiiad, North DonegaJ, 
lOlC. — T. G. ilonney. On Rastite-Serpeiitine and Troktolite in Aber- 
deenshire ; with a Note on the Rock of the iUack Pog, 1010. — W. iTison 
Macadam. On certain Diatomact ous Deposits (Diatomite) from the Peat 
of Aberdeenshire, 1017. — T. Anderson. The Volcanoes of Auvergne, 1017. 
— 11. L». J*]ayfair. On the Rtvdiscov'ery of lost Niinjiidian Marbles in 
Algeria and Tunis, lOlR — W. Watson. The Cliusin called the Jllack 
Rock of Kiltt'arn, — .7. Davidson. The Dass of Inverurie, a frag- 

mentof an ancient Alluvial Red, K)Jt>. - TI. (hirvill iitwis. The Direction 
of Glaciation as aseertainod by the Form of the Strijo, 10]}). — W. F. 
Stankiv. Proposed Conditions to account for a former Glacial Period in 
Great llritain, existing under similar meteorological conditions to those 
that rule at tlm present time, 10i?(). 11, Jlick.s. Oii the Fyjinon lieuno 

and Can Gwyii llone-CaAes, North Wales, lOiD. — .1, G. PJiillips. The 
Elgin Sandstones, 102o. — R- fl. Traquair. Preliminary Note on a new 
Fossil Reptile recently discovereil at New Spynie, near Elgin, 102o. — (/. 
Jjiipworth. The Highland (hnitrtiviu'sy in Jlritish Get)logy ; its Causes, 
Course, and Oonse(juein*es, 1025. — H. N. Peach and J. Horne, The 
Geology of Durness and hiriboll, with special reference to the Highland 
Ch»iitrov('rsy, 1027. — T. G. Doiinev. JV<‘liminary Note on some Travea-ses 
of thei < Crystalline District of the ( Vnitral Alps, l()27. — 11. O. Eewis. Some 
Examples of Pressurt'- Fluxion in Pennsylvania, 102'd. — J. Gunn. On 
Rocks of Central Caithness, lO.'iO. — A. Itenard. On some Roek-Speci- 
mens from the Tslaiuls of the Fin nando Noionha, Or»)iip, 1031. — E. Hill. 
On the Av^i'rage Density of JMet<‘orites com])aretl with that of tlie han't li, 
1031. — Jl. Djuiumoud, Notes on a r(‘coni E.xa,niinatioji of the Geology 
of East Central Africa, 1032. — M. Schuster. Some Results of the C'ry- 
stnllographic Stud}’^ of Danluiriti^, 1033, — Sir R,. Owen. Ammiesm Evi- 
dences of I'kiceini Mammals of the “ I’lastitt ( 'lay ’ Ihniod, 1033. — H. 
Miller. Some Results of a detailed Surv(‘y <>f the. Old Coast-lines lu'.ar 
''rrondlijein, Norway, 1033. — .1. Mt‘hin. The Parallel Roads of Eochaher, 
1035. — IJ. N. IVach and J, Hoiiie. Fiirtlnu- hAid. nce* t)f the Extension 
of the Ice in the Noitli Sea during tlie (thu ial Peri( d, 103r».- -If. !M. 
Cail(?ll. lieceiit .\d\auc('8 in West laithiaii ( }e<dogy, 1037. — 1'\ (_3 o\n(S. 
Hariuiii Sulphate as a Cemenliug jMaterial in Sandstone, 1038.~"A. G. 
Caiiieroii. Not(‘s on Fuller’s l^Tarth and its applicat ions, 1():>0. — J. f \ How- 
den. On the Glaeitd Deposits at Montrost?, 1040, — A. Ross. Notes on tin' 
Rocks of S(. Kilda, 1040. — W. Wliitaker. On Deep I>orij)g-.s at ( 4iatham : 
a. Contrihutitm to the Deep-seat<‘d Geology of the London P»a>in, 1041. — 
W. Whitaker. On the AVati rworks at Goldstone Road, lirighte n, 1041. 
— O. C. Marsh. On the Size of tlu' Drain in Ikxtinrt Animals, lOOo. — 
D’Arcy W. I'hompsoii. On the Hind lamb of Telit hyosaurtis and on the 
Morphology of Vertehrale Apjiendages, 1005.-1']. Hull. On the Orig-in 
of the b’ishe.s of the Sea of Galilee, 100 >, — JO. Hull. On tlie Cause of the 
Extreme 1 )issimilarity of tlie Eai.nas tif tin? Red Sea and ]Mf‘dit<Tranean, 
1008. — T. AVilsoji. A new tkive-Maii of Mentone, 1218. — W. IV'ngelly. 
Happaway Cavern, Torquay, 1219. 

Brussels. Museo Roj^al d’llistoire Naturelle de Belgique. Bulletin. 
Tome iv. Nos. 2—4. 1S80. 

P. Pelseneer. Notice sur un Criistac«^ dcs sabh's verts de Grandpr<5, 47. 
— A. Riitot. Ea tranehee de ITainiu, (>1. — E. Dollo. Premiere Note sur 
les Ch6'ionieiis du liruxellieii (eocene moyen) de la Belgique, 75. — 1^. 
Dollo. l*remier<‘ Note .‘-ur le.s Chcdoniejis landenieiis (eocene iiiR'rit ur) de 
la Belgique, 129. — P. I’eiseueer. Notice sur les Crustacds decapodes du 
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Alaestrichtien du Limbourg, 161. — A. Renard. Notice sur la g^ologie de 
Tile de Kerguelen, 228. — O. Klement. Notice sur la composition chimique 
de la m6t6orite de Saint-Denis- Westrem (Flandro orientale), 278. 

Brussels. Societe Royale Alalncologique do Belgique. Annales. 
Tome XX. (Ser. 3, Tome v.) 1885. 1886. 

Mihnoires. 

F. 1j. CoriK't. Sur une coupe observec a Alesvin dans le terrain quater- 
naire, 8. — K. Delvaux. Epoque quateriiaire — Quelques mots sur Ic grand 
bloc (‘i-raliquc d’Oiubuiboscli, pres de Breda, et sur le dtq>dt de roches mni- 
nitiques scandinavcs dt’^couvcrt dans la r«5gion, 6. — E. Dtdvaux. Note 
succincte sur rexcursion de la Societe geologique de Bcdgique a Spa, 
Stavelot et Lainmersdorf, 15. — A. Rutot. Sur le terrain quateriiaire des 
environs de Mens, 24. — Ti. Foresti. Note sur le sous-gonre Smendon'a, 
Touinouer (1SS2), 27. — A. Meunier et Ed. IVrgons. Nouvea ux Bryozo- 
aires du Crotaco Snpericair, 82. — A. Nobre. Catalogue des Aloilusques 
des environs de Coiinbre (Portugal), 45. 

Bulletin. 

O. Van Frtborn et P, Oogels. Nolo sur les consequences de certaines 
erreurs d’inttu'pr6tation au point de vuo geologique, vii, xix. — E. Van den 
Broi'ck. Beponse a la note de AlAl. Van J^lrtborn et 1*. (Nigels, x, xxii. — 
A. Itulot. C^uelques mots sur I’etage A.^'Schien, xiii. — JO. Van den Broeck. 
Do la constitution gdologique du territoire do la leuille d ’Aerschot, 
d’apres la carte au 1 : 20, (XK) de AIM Ertborn et Cogels, et d’apros les 
loves du s(*rvice olUciel, lix. — E\ E. Cornet. Note sur dmix gisemenls des 
sables et argiles d’llautrages, Ixxiii. — A. liutot. Sur les rd.>-ultats de 
r^tudo des eiages J^andenien et Jleersk'U sur les feiiilles do Jjanden, 
Saint-Trond et I leers, Ixxv. — A. Butot et 10. Van den Jiroeek. Note sur 
la nouvelle classification du terrain quaternairo dans la basso et dans la 
moyenne Belgique, lxx\iii.- — A. Butot t‘t I'l. Van den Broeck. NoO; jmi- 
liniinaire sur i’age de.s diver.ses couclu'S conrondiies ^ous le nom do Tufeau 
do Ciplv, xciii. — F. 1 j. (k)rnet et A. Briart.-- Sur lage du tufeau de Ciplv, 
c. — A. Butot t‘t E. Van den Broeck. Sur I’ago tertiairo du tufeau do 
Ciply, cviii, cxiii. 

. . Procos-A’^erbaux des Seances. Tome xv. 1886 -87. 

Pp. i-cxliii. J 886 87. 

A. Briart it 11. Or().'^.s(\ Itapport sur ‘^Catalogue des coquilles fo.ssile.s 
de Teoceiie des eiivirous dc Paris,” v. — E, Van deii Broeek. Note sur uiio 
observation fait(*. a Sehriek (EVuille d’Il(5yst-o])-d(Mi-B(U'g) montraiit, 
coiitrairemeiit aux l^iOves Oeologiques de AlAl. Van Ertborn et Cogels, 
rabs(*j!ee d’Eoeeiie AVemmelieii dans le t(‘rritoire de la Feuille d’lleyst- 
op-den-B(!rg, x. — P. Cogels el O. Van Ertborn. J)(^ la limitc meridioiiale 
de I’argile de Boom sur la ])]anclie d’lleyst-op-d' H-Ilerg, xvi. — IV C^)ge!s 
et O. A au Ertborn. Contribution a I’etudo des terrains quateinaires, xxiii. 
— E. Van den Broeck. (Quelques mots on rdpuiiS'' aux lectures faitea par 
AJAI. (k)gels et A'an Ertborn, xxxviii. — O. Van Ertborn. Ja^.s coupes et la 
valeur .scientitique de.a dcbantillons de quelques puits arteaiens, Ac. Ac., 
xlv. — .1. Eorita Note sur le ft>rage d’ Arnhem, xliv. — P. Cogels ot O. Van 
Ertborn. De riiifrah<*ersien et du niveau occnpe par le er6tace sur le 
teiTitoire de la feuille de Bilseii, lix. — IV (’ogels et O. Van Ei tborii. Note 
sur un gisement de hois de Rennes incisds par rilomiue dans les argilt'S 
quaternairea do la Campine, ci. — G. Aaiicent. Note sur un gite fossil i fere 
quateriiaire obaervd a Veeweyde, pres de Duysbourg, cxxiv. — I). Baey- 
maekera. Sur la presence de foasiles tougriens liuvio-marius aur la plan- 
cliette de Louvain^ cxxvi. 
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Buckhiirst Hill, Essex Picld Club. Transactions. Yol. iv. Part if 
(1880). 1880. 

W. Whitaker. 8oiue Essex Well-Sections, 110. 

-. . Essex Naturalist (continuation of above). 1887. 

Nos. 1-4. 1887. 

T. V. TIolines. On the Subsidence at Lcxden, near Colchester, 1 . — 
W, G. Smith. Prima3val Man in the Valley of the Lea, 30, 83. — O. Fisher. 
On the Subsidence at Lexden, near Colchester, in 18(>2, 39. 

Buda Pest. Magyar Edldtani Tarsulat. (Uiigarischo gcologischc 
Gesellschaft. Geologische Mi tthoil ungen.) Eoldtani Kdzldiiy. 
Kfdtet XV. Euzet 0-12 (1885). 1885. 

J. Bcickh. A. m. Kir. Fdldtani Tntezet ^vi jelentese 1884-rol, 217. — ; 
J. Matyasovszky. A Ktlzlu^gyseg E Ny-i v^gen, a Nagy-Barod t§s Felso- 
Darna kozott eszkdzdlt rdszletes folvetelrol, 240. — L. Ldezy. A Maros es 
a Fehdr-Kords Kozotti hegyvideken eszkiizdlt foldtani rdszletes fdlvetrdl, 
250. — G. Petho. A Lippa-Odvos. Konop kornydki krdtateriiletrnl, 200.-— 
G. I’etho. Baltavjxr osemloseirol, 273. — A. Koch. A gyaliii havasok E-i 
szeldn, Kalotaszegben ds a Vlegyfisza hegysdgbeu vegzett reszlctes hildtani 
felvdtelrtil, 284. — L. Both. A Bozovicstol E-ra fekvo hegysegresz Krassd- 
Szoreujunegydben, 290. — G. Halavata. Az Oravic^za-Koinan-Bogsan kdr- 
nyeken eszkozolt rdszletos foldtani folvetohol, 313. — F. Sclmfarzik. Me- 
hadia 6s Ilerkules-fiirdo kornyeke Krassii-Szordnytnc^g^^ebeii, 324. — A. 
Gesell. A Sebreezbanya 6s Szelakna kornydken eszkozolt reszletes banya- 
geologiai folvetelekrdl, .335. — J. Bdckh. .lahresbericht der Kon. ungor. 
geologischen Anstalt fiir 1884, 39*3. — J. v. Matyasovszky. Ueber die 
geologische Detailaufnahme am Nordwest-Ende des lldzgebirges, in den 
Gegeud zwisehen Nagy-Bardd nnd Felso-Derna, 423. — L. v. Ldezy. 
Ueber die im Sommer des Jalires 1884 in dor Gebirgsgegend zwisehen dor 
Maros und Fehdr-Kciriis ausgefiibrten geologischen Sp(‘cial-Aufnabmen, 
427. — J. Petlio. Ueber das Kreide-Gebiet zwischtm Lip])a, OdvouS und 
Konop, 440. — J. Petbd. Ueber die tertijiren Siiugethier-IIeberreste von 
Baltavar, 455. — A. Koch, Ueber die am liande des Gyaluer Hochge- 
birges, in der Kalotaszeg nnd im Vlegy;isza-Gebirge im Sommer 1884 
auHgefiihrte geolog. Specialaufuahme,4()5. — L. Itotli. Ueber den Gebirgs- 
tlieil luirdlich von Bozovics, im Comitate Krasso-vSzJlreny, 479.- .1. llala- 
vats, Ueber die im .Tabre 1884 in der Umgebung von ( )ravicza-lloman- 
Bogsan diirchgefiihrte geolog. Speci'ilaufnahme, 500. — F. Sclnifarzik. 
lieber das ( b'birge zwisclie M(diadia und *Ierkulesbad imComilat(j Krasso- 
Sztireny, 512. — A. Gesell. Ueber die geologischen DetailanfnahiiKm in 
der Umgel)ung von Schemnitz und Windschacht, 52.5, — T. Szontagh. 
Petrographisfhe Beschreibiing von Geateineii aus dem Sohler Coiuilate im 
niirdlichen Ungarn, 540 . — Tj. Both. Gekritztes GescliielKi von der Siid- 
seite der IIohen-TatTa, 557. — L. Both. Spureu einstiger Gletscher in der 
Niedereii-Tatra, 558. 

. . ( .) . KOtet xvi. Fuzot 1 & 2 (1880). 

1886. 

J. Szabo. Elnciki megnyitO besz^d a magyarboni Foldtani Tarsulat 
Kozgyul6s(^n 1880 januar .l3-an, 1. — V. Wartba. A szerpeutin-clilorid- 
csoport asvauyairOl, 7. — A. Kalecsinszky. Kiizlemenyek a magyar kir. 
folcitani iiitezel cbemiai laboratoriurnabdl, 12. — .1. Szabo. .Tekmtes a 
harmadik nemzetkozi geologiai kongresszusrdl BerliiiKm 1885, 17. — G. 
Teglas. I^jabb adatok az erdt4yi medeneze osemloseihez, 39. — G. Pelbo. 
Suess eloadiisa a siijto l5yrol, 44. — V.Waitha. Ueber die Mineralien der 
Serpentin-Ohlorit-Gruppe, 79. — A. Kalecsinszky. Mitth(dlungen aus dem 
chemischeu Laboratorium der kon. img. geologischen Anstalt, 84. 
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Buda Pest. Magyar Fdldtani Tjirsulat. (Pngarisclio geologischo 
Gcsellschaft. Goologisohc Mittheilungeii.) Foldtaiii Kdzldny. 
Kotct xvi. Fiizct 7-12 (188G). 1880. 

F. Scliafarzik. Level a Kaukazus videkercil, 209. — .T. Budai, A per- 
sanyi hegj'svg masodkori eruptiv Ivcizefei, 211. — L. Cseli. Avihnyei O- 
Antaltavna banyatelep fdldtani viazoiiyai, 224. — J. llalavats, Magya- 
roryzagi Valeiieienoesiak, 227. — F. Schafarzik. lintdlicho Mittheiliing 
ans deni Kaukasns, 257. — J. Budai. Die secondavon Kruptivgesteine 
des Persanyer Gebirges, 259 . — Ij. C.seh. Die geologisclien Verhiiltnisse 
der Alt-Antonstollner Bergliandlnng in Vihnye, 274. — .1. TIalavats. 
Valonciennesia in der fossilen Fauna Ungarns, 279. — S. Selnnidt. Level 
a Szerkesztokhdz, 805. — G. Primics. Vaskos kvarczfdlelv eldfordiilasa 
Tekerdn, 308. — F. Jablonszky. A jablonkai tdzegekrol, 814. — P. Szokol. 
Valasz Dr. Schafarzik Ferencz urnak, 820. — F. Schafarzik. A propylit 
kerdes^rdd, 822. — G. I’rimics. Das Vorkommen der derben Quarzvarie- 
taten bei Tekerd, 247. — F. Jablonszky. Die Torfmoore von Jablouka, 
354. — P. Szokol. Erwiederung, 357. — T. Schafarzik. Ueber die Propy- 
lite-Frage, 358. 

. Magyar Kiraljd. Foldtani Intezet. (Koniglich-utigarische 

geologischo Anstalt) Mitthcilungen ans dom Jahrbuch. Band vii. 
He4*t5. 1880. 

A. Gesell, Geologische Verhalinisse des Stein salzbergbaugebietes von 
Sodvar niit riicksicht auf die ■wiederdlfhung der ertrankten Steinsalz- 
grube, 195. 

. . . Band viii. ITcft 1. 1S8(>. 

F. rierbich. Paliiontologische Studien iiber die Kalkklippcn des sie- 
bcnbiirgischen Erzgebirge.s, 1. 

, , . Band viii. Heft 4. 1887. 

J. llalavats. Palaontoloj.iiselK'! Daten zur Kenntniss der Fauna der 
Slid 11 iigarisc lie n N e< ige n- Ablager ungen , 125. 

^ . Kiadvanyai. Konyv-ds Ti'rkeptaranak. I. Pot- 

czimjegyzekc. (Erster Nachtrag zuin Katalog der Bibliothek und 
allg. Kartonsammlung.) 1880. 

. . A Magyar Kinilyi Fdldtani Intezet es ennek Kial- 

litasi Targyai, az 1885, i‘vi Budapesti Altalanos Kiollitas 
Alkalmabdl, dsszeallitotta Bdckh Jiiiios, 8vo. 1885. 

. Kon. nng. gcologiscbe Anstalt. Die kiiniglich-ungarischo 

geologische Anstalt nnd deren Ausstellungs-Objecte zn der 
1885 in Budapi’st abgelial tenon allgeineinen Ausstellnng, 
zusammengestellt von Johann Bdckh. 8vo. 1885. 

Buenos Aires. Academia Nacional de Cieneias en Cordoba. Actas. 
Tomo iv. Enirega 1. 1882. 

Boletin. Tomo v. Entregas 1 & 2. 1 883. 

F. Ainegbino. Sobre iina coleccion de inaniiferos hSsiles del piso meso- 
potainieo de la forniacion patagdnica recogidos, eii hus barrancas eld Paranii 
por el Profesor Pedro Scalabrini, 101. — L. Braekebusch. Viaje d la 
Provincia de Jujuy, 185. 

Tomo viii. Eutrega 4ef. 1886. 
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Buenos Aires. Sociedad Cientifica Argentina, Anales. Tomo xxi. 
Entregas 3 & 4. 1886. 

. . Tomo xxii. Entregas 1-6. 1886. ^ 

P. N. Arata. Contribuciones al conocimento higienico de la eiudad de 
Buenos Aires, 6. — J. J. J. Kyle. El oro del Cabo Virgenes, 75. 

. . . Tomo xxiii. Entregas 1& 2. 1887. 

J. Llerena. Un ensayo sobre la historia geologica de las Pampas 
Argentiiias, 34. 

Calcutta. Asiatic Society of Bengal. Journal. N.S. Vol. liii. 
Part 2. Ko. 4 (1884). 1887. 

. . . N.S. Vol.lv. Part 2. No. 1-3 (1886). 

1886-87. 

. . Proceedings. Nos. 1-10 (1886). 1887. 

. . . No. 1 (1887). 1887. 

Cambridge, Mass. Museum of Comparative Zoology at Harvard 
College. Annual lieport for 1885-86. 1886. 

. . Bulletin. Vol. xii. Nos. 5 & 6. 1886. 

. . Yol. xiii. Nos. 1 & 2. 1886. 

Cambridge Philosophical Society. Proceedings. Vol. v. Part 6. 
1 886. 

II. Gadow. On some Caves in Portugal, 381. 

Proceedings. Vol. vi. Part 1. 1887. 

O. Fisher. An altenipl to t‘X])lain certain (leologieul Plumornena by 
the applkaition to a liquid siibstraliim of Henry’s Eaw of Absorption of 
Gases, 16. 

. Transactions. Vol. xiv. Part 2. 1887. 

Carlisle. Cumberland and Westmoreland Association for the Ad- 
vancornent of Literature and 8cience. Transactions. No. 1 1 
(1885 86). 1886. 

J. Postlethwaite, Tho Mineral Springs near K(‘SM'iek, 112. 

Catania. Accademia (Loeuia di Scieiizc Natural!. Atti. Serio 3. 
Tome xix. 1886. 

L. llic.ciardi. Bi( t'relie eliiiniche sulle roeee vnlcaniehc dei dintonii 
di lloina, 177. — A. Silveslri. Monogratia clniniea wulla sorgente dell’ 
acqna potabile detta lleitana presso Aei-lieale, 226. 

Chemical News. Nos. 1387- 1415. 1886. 

. Nos. 1416-1438. 1887. 

Chemical Society. Abstracts of the Proceedings. Nos. 24-30. 
1886. 

. . Nos. 31-39. 1887. 

Journal. Nos. 284-286. 1886. 

. Nos. 290-265. 1887. 
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Chemical Society. Abstracts of the Proceedings. Supplemeutarv 
umber (1886). Yols. xlix. & 1. 1886. 

Chesterfield. Chesterfield and Midland Counties (late Chesterfield 
and Derbyshire) Institution of Engineers. Transactions. 
Yol. xiv. Part 2. 1885. 

Chicago Academy of Science. Bulletin. Yol. 1. No. 9. 1886. 

l^esented hy Sir W. Dawsion, F.R.S.^ F.G.S. 

Sir W. Dawson. On Ilhizocarps in the Eriaii (Devonian) Period in 
America, 105. 

Collier}^ Guardian. Nos. 1330-1357. 1886. 

. Nos. 1358-1381. 1887. 

Copenhagen. Kongclige Danshe Yidenskabernos Selskab. Natur- 
videnskabeligo og Matlieniatiske Afliandlinger. Itjekke vi. 
Bind 2. Nos. 8-J 1 . 1 885-86. 

■ . . . Ibekke vi. Bind 3. Nos. 2 & 4. 1885-86. 

. . . IWkko vi. Bind 4. Nos. 1 & 3. 1886-87. 

. . Oversigt. 1885. No. 3. 1886. 

. . . 1886. Nos. 1-3. 1886. 

. . . 1887. No. 1. 1887. 

Cracow. Akadomija llmiejetnocsi w JvrakoAvio. Sprawozdanie 
Komi sy i E i z y j ografi ez n < ‘j . Tom o x x . 1 8 8 ( > . 

A. INI. lioniniiUi. StodUowodny utwdr brzociorzedny na l^)doln 
galieyjskitnn, Cwosc; II., 48. 

Darmstadt. Yerein fiir Erdknndc zu Darmstadt, nnd Mittelrliein- 
iscdio geologisclie Yerein. Notizldatt. 4 Eolge. 6 Jleft. 
1885. 

. . . 4 Eolge. 7 Heft. 1 886. 

O. Biitigor. Die allalluvinh'MollaslieiitViunn. d('s (Jrosson Drnehs be.i 
Traisa, Prov. Starkeubiirg, 1. — O. Botlgor. Neia; l*aludiiien aus deiu 
IMaiiizer Boclceii, 7. 

Davenport Academy of Natural Sciences. Proceedings. Yol. iv. 
1882-84. 1886. 

C. Waeli.siniith. On a now Genus and Species of Blast oids, with obs;'r- 
vations upon the Strnc'ture of the Basal in (.hr/aster and Penirr- 

onifrs. 76. — W. II, Harris, De.scriptions of sonic new Blastoids from tlie 
Iliimilton Group, 88. — (t, Waehsmuth. J iescriiition cif a new (h’inoid 
from the 1 laniilloii ftronp of Mieliigaii, 95. — W. ll, J larris. Descriptions 
of some new Crinoids from the Hamilton Group, 98. 

Dresden ((Jassel). Kdniglielies mineralogiscb-geologischcs nnd pra>- 
Idstorisches Musenra in Dresden. Mittlieilungen. Heft vii. 
(4to.) 1886. Presented hy Dr, II, B, Geinitz, F.M.G.S., 

Director, 

J. Y. Deiehmiiller. Die Insecteii aus dem lithographischen Schiefer 
ini Dresdeiier Museum, 1. 
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Dresden. Katurwissenschaftlicho Gcsellseliaft Isis. Sitzungsbericlitt* 
und Abhandlungen, 1880. Jan.-Dcc., 1880-87. 

Alihandlunyen. 

F. E. Geinitz. IJeber einige Laiisitzer Porpbyre imd Griiiisieine sowie 
den Dasalt aus dem Stolpener 8chb)8«bruniien, J 3. — E. Danzig. Ji(?inork- 
nngen Uber das Diluvium innorbalb des Zittauer Quadergebirges, 30. — 
A. Purgold. Einige regelmassige Verwaclisungen des llolhgilteuerzes, 
63. — E. Danzig. Weitere Mittbeilungen iiber die Granite und Gncisse 
der Oberlausitz und des an^renzenden Jidbinens, 67. — J. V. Deicbiniiller. 
Die Meteoriten des kdniglicben mineralogiscben Museums in Dresden, 
92. 

Dublin. Iloyal Geological Society of Ireland. Journal. Vol. xvii. 
(IST. S. Vol. vii.) Part 1. 1880. 

G. H. Kiuahau. Notes on the Apatite of Buckingham, Ottawa County, 
1. — Q. II. Ivinahan. Canadian Avclnean, or Pre-Cambrian Pocks; with 
a Comparison with some of the Irish Metamorphic Hocks, 6 . — Ct. II. 
Kinahan. Notes on the Coal Seams of the Ijeiiister and Tipperaiy Coal- 
fields, 20. — 11. Daily. On Trilo})ites and other Fossils, from Lower 
or Cambro- Silurian Strata, in the County of Clare, 29. — W. J. Sollas, 
(.)n the Physical Characters of (hil(;ar4‘Ous and Siliceous Sponge-Spicnh\s 
and othc'r Structures, 30. — V. Ball. On the innvly discovi'recl Sappljire 
Mines in the Himalayas, 49. — B. 11. Mullen. On a .4i,t of Musical Stones 
in the Science and Art Museum, Dublin, 62. — \V. J. Sollas. On allex- 
actinellid S])onge from the Gault, and a Litnistid from the Jjias of Eng- 
land, 67. — .1. 1*. O’Kciilly. On la? llossi’s Scismical and Endodynamical 
Map of Italy, (51. — J. P. O’Peilly. On the Occurrema; of Beryl with 
Schorl in ( ihujcullen Valley, 09. — \V. 11. Daily. On a New Specie's of 
()n>jthocrhu<i< (Ikmtremitiis) in Carboniferous Limestone, (k). Dublin, 
also lleinarks upon Codasler triloliatuK (McCoy) from Carbon iferiuis 
Ijime.stones, Co. Kilkcnnev, 71. — E. Hull. On the Occurrence of an 
Outlying Mass of Supj.osed l^ower Old lied Sandstone and Conglomerate 
in the Ihomuntory of Fanad, Couiit^'^ Donegal, 74. 

. Vol. xviii. (N. S. Vol. viii.) Part 1. 1887. 

G. H, Kinahan. lilconomic Geology of Ireland, 1. 

Iloyal Irish Academy. Cut 'lingham Memoirs. Nos. 2. 
and 3. 1880. (4to.) 

. . Proceedings. Scr. 2. Vol. ii. No. 7. Polite 

Literature and Antiquitic-s. I S<S9. 

V\\ J. Knowles. FJijit lm_t»Iements from the North-east of Ireland, 
430. 


. . . Scr. 2. Vol. iv. No. 5. Science. 1880. 

. -. Transactions. Vol. xxvii. Polite Literature ajid 

Antiquities. Parts 0—8. 1885-80. 

. . . Vol. xxviii. Science. Parts 11-25. 1885- 

1880. 

J. P. O Ileilly. Alphabetical Catalogue of the Earthquakes recorded 
as having occuiTed in blurope and adjacent Countries, arranged to serve 
ns a basis for an Earthquake Map of Europe, 489. 
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East-India Association. Journal. Yol. xviii. No. 5 & G. 18SG. 
. . Yol. xix. Nos. 1-4. 1887. 

Edinburgh. Geological Society. Transactions. Sessions 1884—85, 
1885-80. Yol. V. Part 2. 1887. 

3). Milne-Home. Inaugural Address, 188*1-85, 171. — II. Pichardsou, 
lleport on the Montreal Meeting of the British Association, 181. — G. 
l^iindstioin. Preliminary Notice on a Silurian Scorpion {Pakeoj^Jionus 
nu7icius^ Torell and Lindstrdm), from the Isle of Gothlaud, 184.- J. It. 
S. Hunter. Notes on a new Eossil Scorpion {l^alaapJtonus calrdonim(s\ 
from the Upper Silurian Shai'\s, Logan Water, Lesmahagow, 187. — W. 
Fergus(m. Notices of some Iron Ore Deposits in Aberdeenshire and 
Banii’shire, 192. — .1. Keid. Notes on the Origin and Development of 
Granitic and other allied Yarieties of Crystalline Rocks. 199. — II. 
Richardson. On Canadian and Scottish Glacial Geology, 205. — R. 
Richardson. Notice of *• The*. Gled Stane^’ and othtu’ Boulders near 
Pitlochry, Perthshire, 213. — W. T. Kinnear. On the Occurrence and 
Range of Beds containing Scorpion remains in the Carboniferous Rocks 
of Fife, 2 Hi. — G. II. Kinahan. The Terraces of the Great American 
Lakes and the Roads of Ghmroy, 221. — T. 1). AV allace. Tht; Geology of 
the Parish of Kirkhill and the Aird,” Inverness- :dnre, 224. — W. Mcn-ri- 
son. Procambrian Conglomerate of Tjowis, 2-‘f5. — R. Richardson. 
Cdosing A(ldr<iss, Sos^ion '’88--' 85, 24.‘5. — R. Richardson. Innngural 
Addrt'ss, S»‘ssion ]H85- 8r», 249. — .J, Melvin. On the Paralhd Roads of 
Loebaber, 2(i8.— -W. Morrison. Terraces at Achnaslu'en, 27e5. — W. An- 
derson. Note on the Occurrence of a now Sp<‘cies of C>i.rbo]iiferous 
Crust iice.'ui at Ardross, near lillie, Fife, 280. — A. Johnstone. On the 
Action of (.hirboiiic Acid Water on Minemils and Rocks, 282, — II. Rink. 
Results of the Itecent 1 tanish Explorations in Greenland, with regard to 
the Inland Ice (187G to 18841, 280. — J. Simpson. On Reindeer and other 
INlammalian Bones discovered by Mr. Maelie of Dreghorn in a Rock-lissure 
at Gr(‘en Craig, Pentland Hills, 294. — %1. Henderson. On Reindeer and 
otlier IManimaliau Remains from tlie Pentland Hills, 302. — W. J. Mac- 
adam. Exhibition of, and notes on, Spetunnais of Red-deta* Horns from 
th(‘ Sand I)e]H)sits at the IMoutli of the Nith, l>mnfviesshire, 305.— 
Roniaiiis. Notes on Uppt'r Biirina, 300. — A. Somervail. Notes on the 
Archa'an Gneiss of Itoss and Sutherland, 307. — W. Anderson. Notes on 
the Fisli Remains from tlie Bone Bed at Ahdcn, near Ki)ighorn, Fife, wilh 
remarks by Dr. R. H. Tracpiair, 310. — W. J. Alaeadam. Notice; of a luw 
Fossil il'evous Bed in the Island of Arran, .31(>. - J. S. G. Wilson and W. 
J. Macadam. Diatoniaceoiis De])osits in Skye;, .318. — J>. Cameron. Geo- 
le»gical (.)bst*rvalion.s on Easter Ross, Moy and (hMggie;, and Athole, .330. 

■ — 1). ChnueroM. 33ie; Ge*ology of F<*a.rn and Tuibat, 3,30. — A. M'Charle'S. 
Notes on the Geology of the Wiiinixu;g District, Manitoba, 331, 

. Royal Physical Society. Proceedings. Session 1 885-80. 

1S80. 

B. N. Ik'acli. Gpeniing Aeldress by the Ib’esident, 1. — R. Kidstmi. 
On the Species of the Geiins Palfroxi/i'is, Brongniart, (jccurriiig in Briti.sh 
Carhoniferenis Rocks, 54. — Janies Rennie and II. Kielstoii. (.)n the Oc- 
ciu'rence ot Spores in the Carboniferous Formation of Scotland, 82. 

Ekateiinburg. Societe Ouralieiiiie d'Amateurs des Sciences Natur- 
cdles. Bulletin (^4to). Tome iv. 1870. 

. , — — . Tome V. Nos. 1-3 (1879-80). 1879-80. 

Y. M. Malakhofl'. Indicateur des lieux de provenance des miudraux 
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connus jusqu’ici dans les monts Ourals, 1. — N. Brousnitsyne. T^h pystdinia 
en aval da village de Mokraia jusqu’a la ville de Kaniyscldeir, 11. — A. J. 
DrezdofF. I^es eaux minerales de Kourii ct d’Alapaevsk, 25. 

Ekaterinburg. Bociete Ouraliennc d* Amateurs des SLiencc's Natur- 
elles. Bulletin (4to). Tome vi. Nos. 141 ( 1 <SS;>--S2). 
1880-82. 

N. N. Novokrestcliennykh. lj'’ufiine de Kizel, — V. M, IMalakliofl'. 
Indicateur des lieux de provenance des inineraux eonnus jiisqn'ici dan les 
nionts Ourals, 55. — A. ,1. Drezdoff. (kmiposiliou cliiuuque des cliarboiis 
fossiles du versant est des inoiils Ourals, 03. 

. . Tome vii. Nos. 1-4 (1881-84). 18S1-84. 

A. J. Drezdoff. Materiaiix toiicliant les eanx minerales de rOural, 1, 
7. — M. II. Traiitscljold. Traces de I’ctage Tongrien ])res de Kanivsch- 
lofT, 21. — A. 1*. Ivai'pinski. Sediments tertiaires du vtM’sant oriimtal de 
rOural, 60. — J. N. Ochtcliepkoli' (^ui a decouvert lo diamaiit dans les 
in outs Ourals y, 87. 

. . . Tomeviii. No. 1 (1885). 1885. 

. . . Tome ix. No. 1 (1885). 1885. 

Fra nktbrt-on-tb e-Maine. Senckcnbergisclie naturforscbondo Gesell- 
Bcbaft. Bericlit, 1886. 1886. 

F. Kinkclin. Her Meeressand von Waldbdckelheim, 136. 

Geneva. Societe Geologi(iue Suisse. Compte rendu de la cin- 
quicmc reunion annuclle en Aout 1886 a Geneve. (8vo.) 
1886. 

Geological Magazine. T)oc. iii. Vol. iii. Nos. 7-12. 1886. 

II. A. Nilcliolson. On J)e'<mido/)07'a aheolm'is, Mitdi., a new g(miis and 
specn^s of Silurian Corals, 281). — B. S. Oldham. Essays on S])P(;ulati ve 
Geology, I. On lloinotaxis and 'Contemporaneity, 203. 11. Ih’obable 

Changes of Tjatitude, 30f). — W. Downes. On the Tiimifd Section near 
Iloiiiton, Devon, 308. — A. .1. .Jukes- Brow no. On the A])plication of the 
term Neocomian, 311. — C, Lapw< vth. On tlie Sequenc(^ and Systematic 
Position of the Cambrian llocks <> Nuneaton, .*’10. — T. II. Waller. I’re- 
liminarv Note on tlie Volcanic and Associated Rocks of the Neighbour- 
hood o/Nnueaton, 322. -~G. ,1. Ilinde. N(»to. on Eophtj^on ? c.tjdanafmny 
ITicks, and on Ilj/alosfelta {l^ifriUmctna) faficinilm, S])., 3‘ir. — P. 

M. Duncan. On a nenv Species of A.t osmil.a (A. clon(/afa), from the Bea 
Grit of the Inferior Oidite of England, 340. — .1, S. Gardner. ISb^sozoic 
Angiosperms, 342. — J. .1. II. Teall. Notes on some J-lornbleiule-bearing 
Rocks from the Inchnadampf, 346. — A. Irving, llu' Brookwood Deep 
Well Section, 353. — .1. R. Gregory. The Bois do Eonlaine Mtsteorito, 
and its probable identity willi that of Cbarsonville of 1810, .‘>67.— ,1. JI. 
Collins, fhi the Geological History of the Cornish Serpeiitinoiis Rocks, 
3.50. — R. F. Tomes. ( )n s« nne new or imperfectly known M adrtpoiniia from 
the Inferior Golite of Oxfordshire, Gloiicester.shiie, and Dorsetshire, .‘>86 
443. — R. Etheridge, jnn. Note on the Recent Volcanic J^iruption in New 
Zealand, 308. — A. Irving. Tlie Unconformity hetwecji the Bagsliol Beds 
and the London Clay, 402.-— S. A. Adamson. Notes on the Disenvf^rv 
of the base of a Large Fossil Tme at Clayton, 406. — T. liujiert Jones 
and J. W. Kirkby. On some Fringed and oilier O.^tracoda from the 
Carboniferous Serie.s, 433. — R. 11. Traqnair. New Ihiheonisi idje from 
the English Ce il-measures, 440. — S. S. Jhickmun. On the Eobe-line of 
certain Species of Lias Ammonites describtid in the Monograph by tlie 
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late Dr. Wrip:ht, 442. — W. J. Harrison. On a Deep Dorin^ in tlio 
New lied Marls (Reaper Marls) near Birmingham, 4o;J. — T. liapert 
Jones. On I’altcozoie Bhyllopoda, 45(>. — J. J. H. Teall. The Meta- 
morphosis of the Lizard Oabbros, 481. — T. McK. Iliifrlies. On the Ffynou 
Beuno Caves, 48J). — A. B, Wynne. On the facetted and striated pebble 
from the 01i\ e (froup Conglomerate of Chiel Hill in the Salt llange of 
the Punjab, India, 402. — W. T. Blanford. Notes on a smoothed and 
striated Boulde.r from a D^osit in the Pretertiary Ihinjab Salt Range, 
494. — J. S. Oardner. On Fossil flowering or phanerogamous l*lants, 405. 
— British Association, 1886. Section C. Oeologv, 506. — E. Wetherod. 
On the Structure and Org'anisins of the liOwer Jjiniestonc Shales, Car- 
boniferous Limestone, and Upper Limestones of the Forest of Dean, 529. 
— A. Strahan. On the Rocks surrounding the Warwicksliire Coalfield, 
and on the Base of the Coal-niea'^ures, 640. — F. liutley. The Igneous 
Rocks, etc., of the Neighbourhood of the Warwickshire Coal-field, 567. 

■ — O. Sharman. On the new Species Oknua nuneatonensis and Oholella 
granulatctf from the Lower Silurian (* Cambrian’ l^apworth) near Nunea- 
ton, 565. — II. Hicks. On the Ffynnon BeAino and Cae Qwyn Chives, 6GG. 

Geological Magazine. Dec. iii. Vol. iii. Nos. 7—12. 1886. 

Purchased, 

. . Yol. iv. Nos. 1-6. 1887. 

H. Woodward. On some Spined Myriapods from the Carboniferous 
Series of England, 1. — W. A. E. Ussher. The Culm-Measures of 
Devonshire, 10. — W. S. Gresley. Notes on Cone-in-Cone ” Structure, 
17. — It. C. Lewis. On a Dianiantiferous Peridotite, and the Genesis of 
the Diamond, 22. — A. J. Jukes-Browne. Note on a Bed of Red Chalk 
in the Lower Chalk of Suffollt, 24. — H. C. Lewis. Comparative Studies 
upon the Glaciation of North America, Great Britain, and Ireland, 28. — 
R. D. Oldham. Note on the facetted Pebbles from the Olive Group of 
the Salt Range, Punjab, India, 62. — J. E. Marr. The Lower Pala?ozoic 
Rocks near Settle, 35. — British Association, 188(5. Section C. Geology, 38, 
117. — II. Woodward. Some new British Carboniferous Cockroaches, 49. 
— E. Hill. In Brittany with the Geological Society of France, 59. — T. 
G. Bonney. Note on Specimens of the Jtanenthal Serpentine, 65. — II. 
Keeping. On the discovery of the Niimmulina-elegans Zone at WhitcclifF 
Bay, Isle of Wight, 70. — A. J. Jukes-Browne and W. Hill. Note on the 
Gault and Clialk-niarl of West Norfolk, 72. — C. A. McMahon. Note on 
the Foliation of the Uzard Gahbro, 74. — ^T. Wright (tlie latt‘). On a 
new Ophiurella^ 97. — R. F. Tomes. On two Species of Pah'cozoic Madre- 
poraria hitherto not recognized as British, 98, — A. Smith Woodward. 
Notes on some Post-Tuassic Species of Acrodua^ 101. — H. Hicks. The 
Faunas of the Ffynnon Beuno Caves and of the Norfolk Forest Bed, 105. 
— J. S, Gardner. On the lieds containing the Gelinden Flora, 107. — Q. 
F. Harris. On the Gelinden Beds etc., 108. — A. Irving. An Outlier of 
Upper Bagshot Sands on London Clay, 113. — H. Woodward. Supple- 
mentary note on PuplixtbeHa ferox, Salter, 116. — E. T. Newton. Note 
on some recent additions to the Vertebrate Fauna of the Norfolk “Pre- 
Glacial Forest-Bed,” 145. — A. J. Jukes-Browne. Inter-Glacial Land- 
surfaces in England and Wales, 147. — J. E. Marr. The Work of Ice- 
sheets, 151. — H. Hicks. The Cambrian Rocks of North America, 156. — 
J.^ S. Gardner. The appearance and development of Dicotyledons in 
Time, 168. — J. W. Spencer. Notes on the Erosive Power of Glaciers as 
seen in Noi’wav, 167. — H. A. Nicholson. On Herniphyllum Hiluriense, 
Tomes, 173. — E. Wilson. British Liassic Gasteropoda, 193, 268. — G. 
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Dowkpi’. The Water-supply of East Kent, in connection with Natural 
Springs and Deep Wells, 202. — C. A. McMahon. The flneissose Granite 
of the Himalayas, 212. — .T. II. Collins. On the Geological History of 
the Cornish Serpentinoua Hocks, 220. — O. C. Marsh. American Jurassic 
Mammals, 211. — H. H. Traquair. Noh^s on Chondrosteus acijnriseroides^ 
Agassiz, 248. — J. E. Man-. The Glacial Deposits of Sudbury, Suflblk, 
262. — II. Lydekker and G. A. lloulenger. Notes on Chelonia from the 
Purbeck, Wealden, and liondon-clay, 270. 

Geological Magazine. Dec. iii. Yol. iv. Nos. 1-G. 1887. Pur- 

chased. 

Geologists’ Association. Proceedings. Yol. ix. Nos. 6 A 7. 1886. 

W. Topley. The Info and Work of Ih’ofessor John Morris, M.A., 
F.G.8., 680. — A. Irving. The Stratigraphical Delations of the Dngsliot 
Sands of tin; London Basin to the ijondon Clay, 411. — .1. Jolmston- 
Tjayis. On the Fragmentary l^jectamenta of V^olcanoes, 421. — J. Starkie 
Gardner. Fljssil Grasses, 4-'>6. — .1. Postleth vvaite and J. G. Goodchild. 
On some Trilobites from the Skiddaw Slates, 4()0. — ,1. G. Goodchild. 
Observations upon the Stratigraphical Delations of the Skiddaw Slates,. 
462. — G. S. Doiilger. On the Connection in Time of changes in Fossil 
Floras with those of Faunas, 482. — 1\ Dnptu't .Tones and J. W. Kirkhy. 
A Just of tin; Genera and Speei(‘.s of Divalvc'd l^hitomostraca foujid in the 
Carboniferous I'orniations of (.ij*oat Britain and Ireland, with notes on tho 
Genera and their Distribution, 465. 

. . Yol. X. No. 1. 1887. 

A. Smith Woodward. On Tjt'athery Turtles,” Decent and Fossil, and 
their Occurrence in British Eocene deposits, 2. — II. Hicks. On some 
further Desearches in Bone-caves in North Wales, 14. — P. H. Carpenter. 
On Criiioids and ITlastoids, 11). 

Glasgow. Geological Society^. Transactions. Yol. viii. Part 1 
(1883-84, 1884-85). 1*886. 

.7. Young. Notes on Cone-in-Cone Structure, 1. — D. (haig. On the 
Upper Li!uestc)n(;s of North Ayrshire, as found in the district around 
Dairy, and elsewhere, 28. — W. Jolly. The Parallel Doads of Lochaher: 
the Problem, its Conditions and Soluti»)us, 40. — D. Kidston. Notes on 
some Fossil Plants collected by Mr. D. Dunlop, Airdrie, from the I^anark- 
shire Coal-tield, 47. — W. Jolly. Excursion to Ben Nevis and the Parallel 
Doads of Lochaber, 72. — J. White. A (dimpse of Skye ; with Demarks 
on Volcanic Action, 105. — J. White. Notes on Tarbert, Argyllshire, 1 11 . 
— D. Bell. Notes on the Geology of Oban, 116. — J. Young. Notes on 
the Cathkin “ Osmmid Stone,” a Volcanic Tuif, 134. — J. Y^oung. Notice 
of the late Dr. Thomas Davidson, 138. — J. Young. Notes on the Car- 
boniferous Brachiopoda, with Devised List of the Genera and Species, 
143. — J. D. S. Hunter. The Old Ded Sandstone of Lanarkshire, with 
notes on Volcanic Action during Old Ded and Carboniferous Times, 161. 
— J. D. S. Hunter. Notes on the Discovery of a Fossil Scorpion {l^cdcco- 
^onu8 caledonictis) in the Silurian Strata of Logan Water, 162. — J. 
Thomson. The Geology of the Territory of Idaho, U.S., and the Silver 
Lode of Atlanta, 173. — J. B. Murdoch. Notas on the Principal Geo- 
logical Papers read at the British Association Meeting, Aberdeen, 1885. 
179. 

Gloucester. Cotteswold Naturalists’ Field Club. Proceedings for 
1885-86. 1887. 

Sir W. V. Guise. Annual Address of the President, 1. — ^E. Witchell^ 
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On the (ienus Nerincea, and its Stratigraphical Distribution in the 
Cotteswolds, 21. — S. S. Buckinau. Some new Species of Brachiopoda 
from the Inferior Oolite of the Cotteswolds, 88. — J. II. Taunton. Some 
Notes on the Hydrology of the Cotteswolds and the district around 
Swindon, 52. — J. II. Taunton. A Visit to the Boxwell Springs, July 
1880, 70. — 3^. Wethered. Mitchehlcmiia Nichoho)n^ a lunv Conus, from 
the l^ower Carboniferous Shales of the Forest of I)(‘au, 77. 

Haarlem. HoUandscho Maatschappij der AVetonschappcn. (Soeiete 
Hollandaise dcs Sciences.) Natuiirkundige Verhandelingcn. 
8do Verz. Deel iv. No. 4. 1887 

. . Archives Ncerlandaises dcs Sciences Exactes et 

Naturelles. Tome xx. IJvr. 5. 188(). 

. . . Tome xxi. Livr. 1-4. 1 880-87. 

.1. Ikisscha, fils. Sur la meteorite de Ivarang-Moiijo, ou Mag(4an, 
177. 

Halifax. Yorkskiro Geological and 3\)ly technic Society. Pro- 
ceedings. N. S. Vol. ix. Part 2. Pp. M5- 88(>. 1887. 

31. 35. Stocks. On a (loucrelioii calh'd Acros])iro, 14i>. — .T. Magens 
Mello. On the Microscopical Structure of 3locks, 151. — W. 3lorno. On 
Prehistoric Remains rt‘contly discovered in Wonsloydale, 175. — C. R. 
Vine. Notes on the Poly/.oa of the AVenlock ShalcvS ikc.^ 17‘J. — .T. W. 
Davis. On tlu^ Relative Age <*f the JJemainB of Man in Yorkshire, 201. 
— ,1. 31. Mortimer. On the Habitation Terraces of the lOast Riding, 221. 
— G. R. Vine. Notes on the Paheontology of the W'eulock Shales of 
Shropshire, 224. — J. W. Davis. On some Remains of l^^'ossil Trees in the 
Lower Coal-measures at Clayton, near Halifax, 25:».— J. S. Tule. On the 
Cay ton Gill B(‘ds, 205, — .3. W. Davis. On the I’Aploration of the 
Raygill 1^4ssiire in Lothersdale, 280. — S. A. Adamson. On the Discovery 
of a Stone lm})leiuent in Alluvial Gravels at Barnsley, 281. 

Halifax, N. S. Nova Scotian Institute of Natural Science. Pro- 
ceedings and Transactions. Vol. vi. Part 4 (1885-80). 
1880. 

D. IToneyman. Additiojial Notes on Glacial Action in Halifax 
TIarbonr, 251. — 30. Gilpin. The (Carboniferous of Cape Breton, 280. — 
D. llonevman. A Revision of the Geology of Antigonisli County, 

‘-too ^ o./ o 


Halle. Academia Cmsarco-Leopoldina Naturae Curiosorum. Nova 
Acta. Tomns xlvii. 1885. 

Tomns xlviii. 1880. 

IT. Engelhardt. Die Tertiiirfiora des Jesuiteiigrabens hoi Ivuudralitz 
in Nordbohmen, 297. 

Halle. Zeitschrift fur Naturwissenschafton. Band Iviii. Heft 2-0. 
1885. 

P. Liidecke. Datolith von Casarza, 276. — P. Liidecke. Calcium- 
oxydhydrat als Kesselstein, 282. — P. Liidecke. Beobaehtungen an 
Stassfurter Vorkomnissen (Pinnoit, Pikromerit, Kainit und Steinsalz), 

646. 
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S&Ue. Zeitsclirifb fur Naturwissenschaften. Band lix. Heft 1. 

1886. 

O. Burbach. Beitrage zur Kenntniss der Foraminiferen des mittleren 
Bias am grossen Seeberg bei Gotha, 30. 

Hamilton, Canada. Hamilton Association. Journal and Pro- 
ceedings, 1884—85. Tol. i. Part. 2. 1885. 8vo. 

J. W. Spencer. Remarkable Landslide near Brantford, Ontario, 65. 

Havre. Societe Goologique de Normandie. Bulletin. Tomo x. 
(1883-84.) 3 885. 

P. Bizet. Note explicative sur le profil gtiologique de la route de 
Verne”il a Alon^on, 44. — G. Lionnet. Rdunion a Cherbourg, 53. — 
G. Lionnet. Sur la presence du terrain crdtace infc^rieur dans les falaises 
de la Heve, 71. 

Hertford. Hertfordshire Natural-History^ Society and Field-Club. 
Yol. iv. Parts 1—5. 1886-87. 

R. Meldola. The Great Essex Earthquake of the 22nd of April, 1884, 
23. 


Hobart Town. Royal Society of Tasmania. Papers and Proceedings 
for 1886. 1887. 

F. W. Hutton. On the Geology of the New-Zealand Alps, 3 . — R. M. 
Johnston. Contributions to the Ralaeontology of the Upper Palasozoic 
Rocks of Tasmania, 4. — R. M. Johnston. Notes on the Geology of 
Brmii Island, 18. — R. M. Johnston. Reference-List of the Tertiary 
Fossils of Tasmania, 124. — C. P. Sprent. Antarctic Exploration, 141. — 
R. M. Johnston. Remarks rcigarding Coal-seam opened out hy Mr. 
Brock at Compton, Old Beach, 355. — 1^. M. .lohnston. Remarks on the 
Longford Coal-Basin, 150. — R. M. Johnston. Fresh (Contribution to our 
Knowledge of the Plants of Mesozoic Age in Tasmania, 100. — Baron von 
Groddeck. On the Tin-Ore Deposits of Mount Bischolf, Tasmania, 180. 
— R. M. Johnston. Notes on the Geology of the King River, together 
with a brief acicount of the History of Gold-mining in Australia, 210. — 
R. M. Johnston. Notes and Descriptions of Criiioidea from the Upper 
Palaeozoic Rocks of Tasmania, 231. — S. H. Wintle. Notes on Fossil 
Crabs from the deep dredgings of the Yarra River, and excavation of the 
Coode Canal, Victoria, 233. 

Industrial Review. N. S. Nos. 27-34. 1887. 

J. 33arwise. Subterranean Movements, 418. — F. A. Hill. Geology 
and Mining in the Northern Coal-field of Pennsylvania, 42(>. — A. Bow- 
man. Mineral Wealth of British Columbia, 421, 435. — Great Mother- 
Lode in Amador Coimty, 468. — T. A. Readwin. Mineralogy, 468, 484, 
631. — ^T. A. Readwin. * Gold in Wales, 51.5. — E. S. Mofiat. Present 
Growth of Coal, 533. — Glacial Period and Man, 534. 

Listitution of Civil Engineers. Minutes of Proceedings. Yol. Ixxxv. 
1886. 

J. T. Manby. The Granada Earthquake of 25th December, 1884, 

274. ’ 

. . Yol. Ixxxvi. 1886. 

S. H. Farrar. Note on the Gold-fields of South Africa, 343, 
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Institution of Civil Engineers. Minutes of Proceedings. Vol, 
Ixxxvii. 1886. 

. . Vol. Ixxxviii. 1887. 

Brief Subject-Indox. Vols. lix.-lxxxvi. Sessions 
1879-80 to 1885-86. 1886. 

Kingston Queen’s Collego and University, Kingston, Canada. 
Calendar for tho Year 1886-87. 1886. 

Lausanne. Socictc Vaudoise dcs Sciences Naturelles. Bulletin. 
Serie 3. Vol. xxii. Ko. 94. 1886. 

E. Kenevier. P "sultata scieiitifiques du eongres G:<Sologique inter- 
national de Berlin, 54. — E. Renovier. Le M us6o gdologique de Lausanne 
en 3885, 75. 

No. 95. 1887.^ 

R. llausler. Notes sur qualquesforaminileros des marnt!s a bryozoaires 
du Yalangien de Ste-Croix, 260. 

Leeds. Geological Association. Transactions, 1885-86. Part 2. 
1886. 

B. llolgato. Tl^(^ Leeds Tiower C^ml-iueasiiros, 49. — 3T. Tl. l>(‘ncb. 
On Bouvnos,*’ 51. — J. Stubbins. On Poraminiteva, 5;>. — Monckman. 
The Vidcanie. Ilistory of Kiigland, 56. —.1, Spencer. The Evt)lution and 
Distribution of the Ancient llorasof the lkirtl],5s. — B. JJolgatt^. Notes 
on the Gtiology of Boin-iKurioiith, <>1. — O. D. IJardcastlo. On Meta- 
morphic Bocks, (>2. — A. 11. Green. The Drift of the Nortli of England, 
64. — C. D, Hardcastle. Presidential Address, 6<). — B. Holgate. Surface 
Indications, a guide to the Geology of a District, 69. — S. A. Aditnison. 
Becont Discoveries of ( 'arboniterous Vegetation in Yorkshire, 71. — S. A. 
Adamson. Reports of Field Excursions, 77. 

. Naturalists’ Club and Sciontitic Association. Transactions, 

1886. 18S(i. 

Leicester. Literary' and I’liilosophical Society. Report of tho 
Council and Rej)orts of the Sections (1885-86). 1886. 

Transactions. (New Quarterly Series.) Part 1 
(1886). 1886. 

E. F. Bates and L. IJodge.s. Notes on a recent lixposure of the Lower 
Lias and Bhastics in the Spinney Hills, Leicester, 22, 

( ). Part 2 (1887). 1887. 

O. A. INloore. The Influence of the Geological Features of a District on 
the Health of its Inhabitants, 20. 

Loijjzig. Naturforschende Goscllschaft. Sitzungsberichtc. ]2Jahr- 
gang, 1885. 1886. 

J. Felix. Structurzeigende l^flanzenreste aus der obenai Steinkohlen- 
Forniation Westphalens, 7. — A. v8auer iiiid I^'. Schalch. Fin neiios 
Mineral aus dem Grauiilito bei Waldheim, 27. 

. Zeit-schrift fiir Krystallograx>hio und IMiiioralogic. Band xi. 

Hefto 5 & 6. 1 886. Purchased, ^ 

G. llink. Studien iiber schw(‘dische Pyroxemnineralion, 4F>.-^C. 
Schmidt. Beitriige zuv Keimtniss der Skolezit, 58 /, — C. Schmidt, 
Albit aus dem Sericit-Gestein von Eppenhaiu im Taunus, 597. — O. 
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Schmidt. Ueber die Miner alien des Kisenoolitlies an der Wind^alle.n 
im Canton Uri, 697. — A. Des Cloizcaux. Neue Fliiclien am Orthoklas 
von Klba, 005. — C. llintze. Regelmassige Verwachsung- von Hournonit 
mit Bleiglanz, 000. — C. Hintze. Ueber Arsenolamprit, 000. — J. Leh- 
mann. Contractionarisaej 008. 

Leipzig. Zeitschrift fiir Krystallographie und Mineral ogic. Band xii. 
liefte 1-0. 1880. PiircJuised, 

K. Scharizer. Ueber den Zwillingsbau des Lepidolithes iind die regel- 
miissige Verwachsung verscliiedener Gliminerarten von Schiitlenhofen, 1 . 
— H. Baumhauer. TJeber die Structur und die mikroskopisclie Beschaf- 
fenheit von Speiskobalt und Chloanthit, 18. — A. Cathrein. Ueber Mine- 
ralien von Predazzo, 34. — A. Cathrein. Verwachsung von llmenit mit 
Magnetit, 40. — A. Cathrein. Zwillingsstreifiing am Magnetit, 47. — A. 
• Gehmacher. Die Krystallform des Ptitscher Zirkoiis, 50. — C. Schmidt. 
Mittheilungen iiber ungarische Mineriilvorkonimen, J)7. — M. Schuster. 
Ueber liemimorphe Pyrargyritzwillinge von Andreasberg, 117. — A. Des 
Cloizeaux. Ueber das Krystallsystem des Descloizit, 178. — C. S. 
Bemeut. Ueber neuere amerikanische Mineral vorkom men, 170. — F. Pfaff. 
Hartecurve der Zinkblende auf der Dodekaderhache, 180. — W. Bamsay. 
Metht)de zur Bestiminung der Brechungsexponeutcn in Prismen mit 
grosseu brecheiiden Winkeln, 2(X). — A. ifccker. Ueber die chemische 
Zusammensetziing des Barytocalcits und des Alstonits, 222. — C. Biirwald. 
Unttirsuchiing einiger (kilestine, 229. — A. Brand. Ueber Krvstalle aus 
dem Gestiibbe der Bleiofen in Mecheruich, welche deni Mineral Breit- 
hauptit entsprechen, 234. — J. ITockauf. Ueber Botryogen, 240. — 11. 
Scharizer. D(U’ Monazit von Schiittenhofen, 255. — L. Dana. Ueber 

don Col limbi t, 207. — F. S. Dana. Zur Krystallisation des Goldes, 275. — 
K. Obbeke, Ueber das Vorkommen des Glaiikophan, 282. — II. Bucking, 
'^i'opas ^'on San Louis I’otosi und von Durango, 424, 451. — F. Feist, 
^ropas vom llmeiigebirge, 434. — 11. IMechelrnann. Datolith von der 
Scissor Alp, 43(). — T. Liweh. Cdlestin von Limeburg, 43,9. — G. Vom 
Bath. Einige neue und seltone Fliichen an Quarzen aus der Sammlung 
des Herrn W. C. Hidden, 453. — E. S. Dana. Mineralogisclie Notizen, 
469. — E. Iln.ssak. Ein Beitrng zur Kenntniss der O})tjselion Anomalion am 
Fiusspath, 553. — E. S. Dana. Ueber die Krystallisation des gediegenen 
Kupfers, 509. — A. ivnop. Beitriige zur Kenntniss einiger ( Uieder der Glim- 
iiierfamilie, 588. — A. Knop. Ueber I’seudobiotit, ()07. — A. Knop. Ueber 
krystallisirte Niobsiiure, (ilO. 

. . Band xiii. Heft 1 . 1 887. Purchased. 

G. Flink. Ueber I^Siigbanit, oin nem^s ISIineral von Liiiigbaushyttan in 
Wermland, Schwcden, 1. — A. Cathrein. Ueber die Hornblende von 
lloda, 0. — 11. Scharizer. Ueber den Xenolim und iiber cine neue Glim- 
mersverwachsung von Schiittenhofen, 16. — J. Beckenkamp. Baryt von 
Oberschaflfhausen im Kaiserstuhl, 25. — V. von Zepharo\ ich. Neue Pyro- 
xonfimde in den Salzburger Alpen, 45. — C. 8. Beinent. Ueber neuere 
amerikanische Mineral vorkommen, 40. — H. Mayer. Knpferkies von 
Holzheim in Nassau, 47. 

Leyden. Geologische Reichs-Museum. Samml ungen. Ser. 2. No. 1. 

1 887 . Purchased. 

J. H. Kloss. Untersuchungen iiber Gesteine und Mineralien aus West- 
Indien, 1. — J. l-ori6. Fossile Mollusken von Curasao, Aruba und der 
Kiiste von Venezuela, 111. — M. Scliepman. Bijdrage tot de kenuis der 
Molluskenfauna van de Schelpritsen van Suriname, 150. 
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Liege. Socicte Geologique de Belgitiue. Proces-Verbal de TAs- 
semblce Generale du 21 Novembre, 1880. (8vo.) 1887. 

. Societe Iloyale des Sciences. Memoircs. Ser. 2. Tome xiii. 

1880. 

Lille. Societe Geologique du Nord. Annales. Tome xiii. (1885-80). 
Livr. 4-6. 1886. 

A. Six. Les proced^a operatoires de microebimie en liistologie 
min^rale, 206. — C. Jamiel. Ligne de Gretz a Ksternay, 245. — A. Six. 
Le glaciaire pal^ozoique et Tage des Iiouilles de ITnde et d’Australie 
d’apres le Dr. W. T. Bianford, 256. — .T. Ladriere. La terrain quaternaire 
de la vallde de la Deiilo Ti Lille, compare a celui du Nord de la France, 
266. — J. Ladriere. Note sur I’existence de la tourbe quaternaire k La Fla- 
mengries-lez-Bavai, 288. — J. Gosselet. Tableau de la faune coblenzienne, 
292. — J. Gosselet. Note sur les roches dragu6es au large d’Ostende, 310. 
— J. Hall. Les LameUibranebes devoniens de Tdtat de New York, 311. 
— J. Gronnier. Compte-roudu de 1’ excursion do la Socidte Geologique du 
Nord du 4 Juillet 1880, 320. — ^I’aubn-Arrault. Sondage au lieu dit le 
Petit-Chateau pres de ri.tablissement des Bones k Saiut-Amand, 329. — 
Manouvi’iez. Documents concernant les oaux sulfureuses du Nord, 330. 
— Manouvriez. Documents concernant les eaux salces du Nord, 331. 

Tome xiv. (1886-87). Livr. 1 . 188 
J. Gronnier. Note g<5ologique sur le Yermandois, 1. — E. Canu. Sur 
les ossements trouvds par M. Gregoire dans I’Aaebenien de Ilocq. — 
Kecquignies, 20. — E, Delecroix. Note sur ralt<^ratiou des eanx d’uii 
puits en Angleterre, 22. — O. Burrois. Sur le Eersanton de la Hade do 
Brest, 31. 

Linn can Society. Journal. Zoology. Yol, xix. Nos. 114 & 115. 
1886. 


Yol. XX. No. 110. 1886. 

1^. M. Duncan. On the Anatomy of the Perignatbic Girdle and of 
other parts of the Test of JHacoidea vifliyidnca, Ijamarck, sp., 48. 

. . . Yol. xxi. Nos. 126-128. 1886. 

. . Botany. Yol. xxii. Nos. 145-148. 1886 & 1887. 

.1. S. Gai'dner. llemarks on some Fossil Leaves from the Isle of Mull 
(Scotland), 219. 

. . . Yol. xxiii. No. 151. 1886. 

. Transactions. Sor. 2. Zoology. Yol. ii. Parts 12, 15-17. 

1885-86. 


Yol. iii. Part 4. 1885. 

Lisbon. Sociedade de Geographia. Bolotin. Scric 6. Nos. 1 & 2, 
1886. 


Serie 6. Nos. 4-11. 1886. 

J. C. Lang. O petroleo do Dande, 240. 

liiverpool Geological Society. Proceedings. 1885—86, Yol. v. 
Part 2. 1886. 

T. M. Reade. The North Atlantic as a Geological Basin, 14. — 0. 
Ricketts, The Occurrence of Bitumen in the Paloeozoic Rocks of Shrop- 
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shire, 1 ‘51. — IT. C. Beasley. On a Section of the Upper Kenper at Oxton, 
134. — T. M. Ueade. Notes on a Bed of Freshwater Shells and a Chipped 
Flint from the Alt Mouth, 137. — O. W. Jeffs. On the Occurrence of 
Copper in th(5 Keuper of Peckforton Hills, 130. — W. Hewitt. Notes on 
the Topography of Liverpool, 145. — T. M. Keade. Boulders wedged in 
the Falls of tlio Cynfael, 155. — T. M. Reade. On a Section of the Trias 
at VyrjiAvy Street, Everton, displaying evidence of Lateral Pressure, 158. 

■ — A, N. Tate. The Origin of l*etroleum and other Natural Hydrocar- 
bons, 160. — C. Ricketts. Impressions of Footprints and Idants from the 
Trias of Oxton H oath, 108.— G. 11. Morton. The Carboniferous Lime- 
stone and CtTn-y-Fedw Sandstone of Flintshire, 1(51). 

Liverpool. Uterary and Philosophical Society. Proceedings, 1884:— 
1885. A^ol. xxxix. 1885. 

R. J. H. Gibson. The Relationship of Pahe ontology to Biology, 105. 

. . , 1885-80. Vol. xl. 1886. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal 
of Science. Scr. 5. Vol. xxii. Nos. 134r-139. 1886. Fre- 

senled fn/ Dr. W. Francis, F.G.S. 

II. Hennessy. Uii the I^iiyaical Structure of the l]arlh, 233. — II. llen- 
iiessy. Note uii tli<» Annual Precc'ssion calculated on the Hypothesis of 
the Larth’s Solidity, 328. 

. . Yol. xxiii. Nos. 140—145. 1887. Fresented hy 

Dr. W. Francis, F.G.S. 

O. Fisher. On the Amount of t}»e Flevalions attributable to Compres- 
sion through the Contraction during Cooling of a Solid Eartli, 145. 

London Iron Trades Exchange. Nos. 1412—1437. 1886. 

. Nos. 1438-14()2. 1887. 

Lyon. Museum d’Histoiro Naturelle. Archives. Tome vi. 1887. 
FiircJiast </. 

F. Fontaimes. Les Terraijis Tertiaircs et Quatemairc.'s du Ihv )montoiro 
de la Croix- Rousso, a Lyon, 27. 

Madrid. Real Academia de Ciencias Exactas, Fisicas y Naturales. 
Mcmorias. Tomo xi. 1887. 

. . Revista de los Progrcsos de los Ciencias Exactas, 

Fisicas y Naturales. Tomo xxi. Nos. 7-9. 1886. 

Tomo xxii. Nos. 1—3. 1886-87. 

M. Meringo. Los terremotos experinientados en la Liguria, y alta 
Suiza, y occidente y mediedia de Francia, 196. 

. Soeiedad Espahola de Gcografia Comcrcial. Revista de Geo- 

grafia Comercial. No. 25 a 30. 1886. (4to.) 

F. Quiroga. Estructura de la I^eninsula de Rio de Oro, 8. — F. Quiroga. 
Estructura y formacion del Sahara occidental, 63. — F. Quiroga. Colec- 
ciones del S^ara y de Canarias, 72. 
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Manchester. Geological Society. Transactions. Vol. xTiii. Part 20. 
1880, 

W. Boyd Dawkins. On tke Formation of Agates, 52o. 

. . Yol. xix. Parts 1-7. 1887. 

W. B. Dawkins. On the (loograpliy of I Minin in the Caihoniferous 
Period, 37. — \V. Watts. Geological {Sketches at Piethorii and Denshaw, 
47. — B. T. Burnett. The Question of the Pre-Atlantic Land, 70. — G. H. 
Iviuahan. The Kxtent of tlie (Carboniferous Sen ns regards Ireland, 114. 
— P. F. Kendall. Tlie Carboniferous Yt>lcanoes of Great Biitaiii, 133. — 
T. Ward. On the Subsidences in the Salt Districts of Cheshire, their 
History and Cause, 152. 

Melbourne. Geological Society of Australasia. Transactions. Yol. i. 
Parti. ]88(>. (Small 4to.) 

J. Stirling. Notes on the Beni Liniestoiies, 11. — W. Nelson. Geolo- 
gical Observations at Waiiru Ponds, It). — 11. von J.end('nfeld and .1. Stir- 
ling. Fxploration of INloiint Bogcaig, 22. — T. W. F. David. Nob's on 
some Points of Basalt Fruption in New South ^^'ales, 24. 

Milan. Socicta Italiana di Scienze Naturali. Atti. Yol. xxviii. 
P'asc. 1-4. 1 .s85-8(). 

F. Molinari. Nuovt' osservazioui sui minerali del granito di Baveno, 
58. — G. B. Villa. Tiivisla geologica dei terri'iii delia Brianza, 79, — G. 
Mercalli. 11 terremoto seiitito in Lombardia nel 12 setteinbr<5 1884, 120. 
— L. Biceiardi. Bieerche cljiinicbe sidle rocee vulcanichi* did dintorni di 
Viterbo, 127.— F. Bassani. Avanzi di ])e,s<'i oolitiei nel Vinoiu'.se, 142. — 
F. Sacco. Tja Valle della Stum di Cuueo, 215, 2(i9. — F. Molinari. 11 
porlido del Motterone, 204. 

Mineralogical Society. ^Mineralogiciil JMagazine and Journal. Yol, vii. 
Nos, 32 & 33. 1880. 

T. G. Bouncy. On a Glaucopliane-eelogite from the Val d’Aoste, 1. — 
AV. J. ljewi«. On Tdocrast^ ami other JNIinerals recently found ni'ar Zer- 
matt, 9. — II. A. Miiu’s. ( )rtlioclas(^ from Kiliina-njaro and Adularia 
from Switziuland, 10. — A. Taylur. On the Nomenclature of the Hydro- 
carbon (k)inpouuds, with a suggestion for a now classitication, 13. — J. F. 
Kerr. The Metallic Ores of Chili, 18. — W. 11. Bell. New Localities for 
the Mineral A galmatolite, with uotes eii its compesilion, 24. — W^. I. 
Macadam. On a New Locality for A galmatolite, 29. — W. J. Macadam. 
On some New Localities for the Mineral Diatoniite, with notes on the 
Chemical Composition of the Specimens exhibited, {>0. — ,T , S. G. AVilson and 
W. 1. Macadam. Diatomaceous Deposits in Skye, 35. — W. I. Macadam. 
On the Chemical Composition of the Mineral Bruiaidiite found by Mr. 
T. D. Wallace, of Inverness, at Locb Bbruitbaieh, 42. — C. O. Trechmann. 
Barytes from Addiewell, West Calder, in Midlothian, 49. — B. H. Solly. 
Francolite, a vaiiety'^ of Apatite from Levant Miiu', St. Just, Cornwall, 57. 
— 11. Bohinson. Two Aualyses of Crystal.^ of Apatite, 59. — B. II. Solly, 
Anglesite from Portugal, 01. — F. Kinch. On Plattnerite, 03. — F. Kinch. 
On a new variety of Mineral from CornAvall, 05. — J. H. Hampton. Cassi- 
terite of the Straits Settlements, 71. — AY. I. Alacadam. On the Occur- 
rence of considerable De'.posits of lAmonib? (Bog Iron Ore) in North-west 
Ross-ahire, 72. — W. I. Macadam. F'urther Note on Agalmatolite in 
Gairloch Pariah, Boss-shire, 74. — W. L Macadam. On the Analysis of a 
Sample of Talc used in Paper-making, 73. — W. I. Alacadarn. Analyses 
of Samples of China Clay (Kaoliuite), Cornwall, 70. — D. Honeyman. 
Note on the Identification of the Scotch and New Brunswick ^LA.lbei’tites,” 
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77. — ^F. H. Butler. Note on Schorlaceous Bocks from near St. Austell, 
79. — J. W. Judd. On the Relations between the Solution-^anes of 
Crystals and those of Secondary Twinning ; and on the Mode of Develop- 
ment of Negative Crystals along the former, 81. — H. A. Miers. Index to 
Mineralogical Papers, &c., 1885, 93. 

Montreal. Natural History Society. Canadian Record of Science. 
Vol. ii. Nos. 3-6. 1886-87. 

^ Sir .T. W. Dawson. Presidential Address before the British Associa- 
tion for the Advancement of Science, Sept. 1886, 201. — II. A. Newton. 
Relation of tlie Earth’s Rocks to Meteorites, 228. — G. F. Matthew. Dis- 
covery of a Pteraspidian I^'ish in the Silurian Rocks of New Brunswick, 
261. — G. F. Matthew. Abstract of a l*apor on the Cambrian Faunas of 
Cape Breton and Newfoundland, 255. — G. M. Dawson. Tlie Canadian 
Rocky Mountains, 185. — 11. M. Ami. Occurrence of tScolifhus in rocks 
of the Chazy Formation, 2>04. — G. F. Matthew. The Pteraspidian Fish 
of the Silurian Rocks, .‘12.3. — F. Bain. On a Permian Moraine in Prince 
Fdward Island, 341. — G. F. JMatthew. Illustrations of the I’aima of the 
St. John Group, .357. — G. M. Dawson. Note on the Occurrence of Jade 
in Britisli Colimibia, and its employment by the Natives, 364. 

. Royal Society of Canada, l^roceediiigs and Transactions 

for the year 188.3. V"ol. iii. 1886. 

Heclion IV. 

Sir. J. W. Dawson. On the IMcsozoic Floras of the Rocky ISI ountfain 
Region of Cajjada, 1. — E. J. Cha])man. On the W.-dlbridge Hematite 
Mine, as illustrating the St ock-ibriiJ(al JNIode of Uccnrreiute of certain Ore 
Deposits, 23. — 1). Iloueviua.u. Geologj' of (Cornwallis oi’ McNab's Island, 
Halifax flarbour, 27. — G. h’. aMattlunv. llJustrfdious of the Fauna of the 
St. John Group {coitf him d)^ No. 111., 29. 

Moscow. Societe Imp(Tialo des Naturalistes. Bulletin. Tome Ixi. 
2^ partie (1885). Nos. 3 ik 4. ES8(). 

II. Traiitschold. Ueher das Genus J^dcsfiiHy 94. 

. . . Tome Ixii. 1® i)artio (1886). Nos. 1 & 2. 

1 886. 

A. Pavlow. Note sur I’histoire de la faune kimmt^ridienne de la Russie, 
227. 


. . . Tome Ixii. 2® partie (1886). Nos. 3 & 4. 

1886. 

M. Pavlow. I^es ammonites du groiipe Olcostcphmms iHrsicoloi'y 27. 

. Tome Ixiii. 1® partie (1887). Nos. 1 & 2. 

1887. 

1). Anuts(diin. Ueber die reste des Ilohlenbaren aus Transkaukasien, 
216, 376. — M. Pavlow. Etudes sur I’histoire paleoiitologique des ongules 
en AnuSrique et eu Europe, 343. 

Nouveaux Memoires. Tome xv. Livr. 4. 1886. 

H. Trautschold. Ee Neocomieu de Sably eu Crimee, 110. 

Munich. Kdiiiglich-hayerischc Akademie der Wissenschaften. Ab- 
handlungen der mathematisch-physikalischcn Classc. Band xv. 
Abth. 3. 1886. 
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I^ancy. Academie de Stanislas. Memoires, 1885. 136® Ann^e. 

6® Serie. Tome iii. 1886. 

. Society des Sciences. Bulletin. Serie 2. Tome viii. Ease. 19. 

1886. 

Fliche. Note sur la flore de Tt^tage rli6tien aux environs de Nancy, 
150. 

Nature. Yol. xxxiv. Nos. 869-887- 1886. 

A. Blytt. On Variations of Climate in Course of Time, 220. — .1. M. 
Alexander. The Craters of Mohuaweowes, on Manna Loa, 232, 239. — 
The Yolcaiiie Eruption in New Zetiland, 301. — A. Cxeikie, The recent 
Volcanic Eruption in New Zealand, 320. — O. Reid. The Pliocene De- 
posits of Norlli-wesh'rn Europe, 341. — W. C. Williamson. Our Fossil 
Pseudo- A 3(>0.— .7. Hector. The recent Volcanic Eruption in New 
Zealand, 389.-— Sir J. W. Dawson. Inaugural Address delivered to the 
British Association Meeting at Birmingham, 409. — T. G. Bonney. Open- 
ing Address to Section C, Geology, British Associntion, 442. — W.Topley. 
The recent American l^arthquahe, 470. — R. von Ecndenfeld. A Glacial 
Period in Australia, 522. — J. S. Gardner. Slictch of the Early History 
and iSuhsequent Progress of I’aheohotany, 508. — Tl»e recent Earthquakes 
and Volcanic Eruptions, 590.— Sir R. S. Ball. Note on the Astronomical 
Theory of the Great Ice Ago, ()07. 

. Vol. XXXV. Nos. 888-912. 1886-87. 

E. Hull. The Geology of the Eebanon, 10. — ,1. Milne. Volcanoes of 
Japan, 19. — T. C. Mendenhall. Itepo) t on the Cliarleston Eartliquako, 
31. — W. Toploy. The Erosion of the English (\)asts, 37. — T. G. Bonney. 
Volcanic Dust from New Zealand, 56.— H. C). Lewis. Comparative 
Studies upon the Glaciation of North America, Great Britain, and Ire- 
land, 89. — T. G. Bonne}^ Volcanic Eruption in Niua-fu, Erieiidly 
Islands, 127. — J. S. Day aud .J. M. jMetzg(;r. JOarthquako in Sierra 
Jjeone, 141. — Deposits of Volcanic Dust, 174. — J. Stirling. On some 
Further Evidences of Glaciation in the Australian Alps, 182.— .T. W. 
Judd. The Relations between Geology and the, Miin'.ralogical Sciences, 
392, 414. — Earthquake in Switzerland, 442.- J. W. Judd, llio Relation 
of Tabasheer to Mineral Substances, 4S8. — W. E. Hidden. The Mazapil 
Meteoric*. Iron, 572.— T. 11. Huxley. Preliminary Note on the Fossil Re- 
mains of a Clielonian Reptile, Ccraiochchjs Mhcnnrusj from Lord Howe’s 
Island, Australia, 615. 

Vol. xxxvi. Nos. 914-020. 1887. 

R. Abercromby. Upper Wind- Currents near the Equator, and the 
Diffusion of Krakatau l)ust, 85. — A. B. Dick. On Zircons and other 
Minerals contaiiic;d in Sand, 91. — .1. A. l^lwiiig. A recc'Ut Japanese Earth- 
quake, 107. — The Fossil Fishes of Mount Ijobanon, 132. — P. W. Bassett- 
Smith. Notes on the Geology of part of the Eastern Coast of China and 
the adjacent Islands, 163. 

Neucliatel. Societe des Sciences Naturclles. Bulletin. Tome xv, 
(1884-1886). 1886. 

F. de Tribolet, Notes sur la Carte dii plitmomene erratique et des 
anciens glaciers du versant Nord des Alpes suisses ot do la ebaine du 
Mont-Blanc, de M. A. Favre, 3. — F. do Tribolet. Sur la Curte des has- 
sins enratiques de la Suisse d’Arnold Guyot, 9. — A. Ilirach. Note sur 
r^ruption de Krakatau, 47. — A. Jaccard. Note sur la source de la Reuse 
et le Bassin des Taillieres, 00. — F. de Tribolet. Les tremblementa de 
terre en Eapagne, 83. 
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Newcastle-upon-Tyne. Natural History Socioty of Northumberland, 
Durham, and Newcastlc-upon-Tyno, and Tyneside Naturalists’ 
PieldClub. Natural-History Transactions. Vol. viii. Part 3. 
1886. 

. . . Vol. ix. Parti. 1887. 

North of England Institute of Mining and Mechanical En- 
gineers. Transactions. Vol. xxxv. Parts 3 & 4. 1886. 

J. D. Kendall. The iron Ores of the J'^nglish Secondary Hocks, 105. — 

G. J. Binns. Coal-Mining in New Zealand, 175. 

. . . Transactions. Vol. xxxvi. Parts 1 & 2. 

1887. 

G. A. Eehour. Notes on the Coal-Measures of Catalonia, Spain, 83. 

New Haven. American Journal of Science. Ser. 3. Vol. xxxii. 
Nos. 187-102. 1886. 

C. G. Hockwood, jun. Notes on American Earthquakes, 7. — O. Meyer. 
Observations on the Tertiary and Grand Gulf of INIississippi, 20. — A. 
Hague and J. P, Iddings. Notes on the Volcank; Hocks of the Hepuhlic 
of Salvador, Central America, 20. — II. M. Seely. The Genus Strepho" 
chetiisj distribution and species, 81. — N. S. Shaller. Preliminary Hcpoii; 
on the Geology of Cobscook Bay District, Maine, 85. — J. D. Dana. On 
some General Terms applied to Metamorphism and to the Porphyritic 
Stinicture of Hocks, 69. — S. E. Penfield and D. N. Ilai’per. On the Che- 
mical Composition of Herderite and Beryl, with note on the Precipitation 
of Aluminum and Separation of Bcryllum and Aluminum, 107. — W. Cross 
and E. G. Eakins. On I’tilolite, a new Mineral, 117. — J. S. Diller. Notes 
on the Peridotite of Elliot County, Kentucky, 121. — E. S. Dana. On 
the Crystallization of Gold, 182. — C. D. AValcbtt. Classitication of the 
Cambrian System of North America, 188. — ^J. Ee (^lonle. \ Post-Ter- 
tiary Elevation of the vSierra Nevada shown by the River Beds, 107. — 

H. S. Williams. Devonian Ijamellibraiichiata and Species-making, 192. 
— G. P. Merrill. Ck)mposition of certain “ Plioctuie Sandstones ’’ from 
Montana and Idaho, 199. — W. E. Hidden and A. des Cloizeaux. (kmtri- 
butions to ^Mineralogy, 204. — E. W. Clarke and .1. S. Diller. Turquoise 
from New^ Mexico, 2ll. — E. S. Dana and S. E. Penheld. On two hitherto- 
undescribed Meteoric Stones, 226. — J. D. Dana. A dissected Volcanic 
Mountain; some of its revelations, 247. — H. D. Irving. Origin of the 
Ferruginous Schists and Iron Ores of the Jiake Superior region, 255. — 
H. A. Wheeler,^ Further Notes on the Artificial liCad Silicates from 
Bonne Teire, Mo., 278. — J, G. IMeem. Umonite Pseudomorphs after 
Pyrite, 274. — O. W. Tluiitington. On the (Vystalline Structure of Iron 
Meteorites, 284. — W. E. lliddtm. A new Meteoric Iron from Texas, 800. 
— S. I^. Penfield and E. L. Sperry. On I’seudomorphs of Garnet from 
Lake Superior and Salida, Colorado, 807.— G. F. Kuuz. Further Notes 
on the Meteoric Iron from Glorieta INlt., New Mexico, 811. — E. S. Dana. 
On the Brookite from Magnet Cove, Arkansas, 814. — W. M. Davis. The 

Structure of the Triassic Formation of the Connecticut Valley, 342. 

F. W. Clarke. Researches on the Eithia Micas, 858. — J. C.Tlranuer. 
Thickness of the Ice in Norlh-t^aslmn IVnnsylvaiiia during the Glaciai 
Epoch, 802. — T. M. Chatard. Eucasitc, a now variety of Verniiculite, 
875. — W. G. Brown. Crystallographic Notes, .377.--S. L. Penfield and 
D. N. Harper. Chemical Composition of Halstonite, 880. — E. S. Dana. 
Mineralogical Notes, 880. — E. S. Dana. On the Crystallization of Native 
Copper, 413. — W. N. Rice. On the Trap and Sandstone in the Gorge of 
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the Farmingflen Kiver at TariflVille, Conn., 480. — H. C. Lewis. Com- 
parative Studios upon the Glaciation of North America, Groat Britain, 
and Ireland, 188. — I. P. Bishop. On certain Fossiliferous Limestones of 
Cohinibia Co., N. Y., and their relation to the Hudson River Shales and 
the Taconic System, 488. — S. L. Penfield. Crystallized Vanadinite from 
Arizona and New' Mexico, 441. — S. W. Ford. Note on the Age of the 
Swedish Paradoxides Beds, 478. 

New Haven. American Journal of Science. Ser. 3. Yol. xxxiii. 
Nos. PJ3-107. 1887. 

C. A. White. Age of (.Vml found in the region traversed hy the Rio 
Grande, 18. — .1. S. Jliller. The latest Volcanic Eruption in Northern 
California, and its peculiar l..ava, 45. — G. F. Becker. The Texture of 
Massive Rocks, 50. — G. F. Knnz. Fifth JMass of Meteoric Iron from 
Augusta Co., Va., 58. — .T. S. I'inuirson, L. L. Van Slyke, V. S. Bodge. 
Nilauea after the l^lruption of March 18S(>, 87. — .1. B. Dana. Volcanic 
Action, 102. — P. AV. TTuntington. The Coahuila, 115. — S. Ij. Penfield. 
Phenacite from Colorado, wdth notes on the Locality of Topaz Butte hy 
"W. B. Smith, 180. — G. II. Williams. The Norite.s of the “ Cortlandt 
Series ” on the Hudson IMver, near Peekslv ill, N. Y., 185, 101. — A. N. 
AUiiig. On the Topaz from the Thomas Range, Utah, 140. — G. F. Becker. 
Natural Solutions of Cinnabar, Gold, and associated Sulphides, 199. — 
N. S. Shaler. Fluviatile Swamps of New England, 210. — W. E. Hidden. 
On the Mazapel Meteoric Iron, which fell November 27, 1887, 221. 
— G. F. Kuntz. On two new MeUiorites from CaiToll County, Ken- 
tucky, and Catozze, Mexico, 228. — J. J. Stevenson. The Faults of 
South-west Virginia, 202. — J. B. Bana. On Taconic Rocks and 
Stratigraphy, with a Geological Map of the Taconic Regions, 270. — G. 
H. Kinahan. Irish Esker Brift, 270. — ^A. H. Chester. Mineralogical 
Notes from the Laboratory of Hamilton College, 284. — R. T. flill. The 
Topography and Geology of the Cross Timbers aud surrounding regions in 
Northern Texas, 201. — 0. C. Marsh. American Jurassic Mammals, 327. 
— C. A. White. On the Inter-Relation of Contemporaneous Fossil Faunas 
and Floras, 364. — L. P. Gratac-ap. The Eozoonal Rock of Manhattan 
Island, 374. — G. H. Stone. Terminal Moraines in JMaiue, 378. — C. R. 
Van Hise. Note on the hinhu-gemeiit of Hornblendes and Augites in 
Fragmental and Eruptive Rocks, 385. — J. 1). Bana. On Tacouic Rocks 
and Stratigraphy, with a Geological Map of the Taconic Region, 393. 

. Connecticut Acadcmj^ of Arts and Sciences. Transactions. 

Vol. viii. Part 1. 1886. 

New York. Academ^^ of Sciences. Annals. Vol. iii. Nos. 9-12. 
1885. 

G. F. Kuntz. On remarkable Copper Minerals from Arizona, 275, — 
G. F. Kuntz. The Meteorite from Glorieta Mountain, Santa Fe, New 
Mexico, 329. — F. J. H. Merrill. On the Geology of Long Island, 341. — 
A. A. Julien. On tlie A'ariatioii of Becomposition in the Iron Pyrites ; 
its Cause and its relation to Density’', 365. 

. . Transactions. Vol. v. (1885-86). Nos. 2— 8. 1886. 

J. S. Newberry. Description of some Gigantic Placoderm Fishes 
recently discovered in the Devonian of Ohio, 25.— B. B. Chamberlin. 
Minerals of Harlem and Vicinity, 74. — .1. J. Friedrich. Notes on Local 
Mineralogy, 121. — R. 1*. Stevens, On the San Juan Mountains of Colo- 
rado, 121. — G. F. Kuntz. Rare Gems and interesting IVIinerals, 131. — 
J. S. Newberry. The Cretaceous Flora of Noi*th America, 133. — G. F. 
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Kuntz. Notes on some Minerals from the West, 213. — N. L. Britton. 
Geological Notes in Western Virginia, North Carolina, and Eastern Ten- 
nessee, 215. — G. E. Kuiitz. Mineralogical Notes, 223. — G. F. Kiintz. 
A Meteorite from Catorce, Mexico, 227. — B. B. Chamberlin. Minerals 
of Staten Island, 228. — G. F. Kuntz. Description of a largo Garnet, 235. 
— G. F. Kuntz. On Bock Crystal its Cutting in Japan, Germany, and 
the United States, 267. 

New York. American Museum of Natural History. Annual Be- 
port of the Trustees, for the year 1886-87. 1887. 

^ ^ Bulletin. Vol. i. Nos. 7 & 8, 1886. 

R. P. Whitfield. Notice of Geological Investigations along the Eastern 
Shore of Lake Champlain, conducted by H. M. Seely and Ezra 
Brainerd, of Middlebury College, with Descriptions of the new Fossils 
discovered, 295. — R. P. Whitfield. Notice of a new Fossil Body, 
probably a Sponge related to Dictyophytori, o46. 

Northampton. Northamptonshire Natural-History Society and Field 
Club. Journal. Vol. iii. No. 24. 1885. 

. . . Vol. iv. Nos. 25 & 26. 1886. 

B. Thompson. ThoUpper Lias of Northamptonshire, 16.- — B. Thompson. 
Additional Notes on the Fish and Insect Beds of Northamptonshire, 27. 
— H. J. Eiinson. Notes on the Deep Boring at Orton, near Kettering, 
Northamptonshire, 57, 

Vol. iv. Nos. 28 & 29. 1886 & 1887. 

W. Tuckwell, The Erratics of Lidcestershiro and Warwickshire, 145, 
— Thompson. The Middle Idas of Northamptonshire, 167. — II. J. 
Eunson. List of Works on the Geology, Mineralogy, and Palpeontologj'^ 
of Northamptonshire, 178. — G. R. Vine. Jurassic Polyzoa in the Neigh- 
bourhood of Northampton, 202. — B. Thompson. The Upper Idas of 
Northamptonshire, 215. — W. D. Crick. Note on some Foranimifera from 
the Oxford Clay at Keyston, near Thrapston, 232. 

Nottingham Naturalists’ Society. Transactions and 33rd Annual 
Report, 1885. 1886. Presented hy W, Whitaker, Esq., F.G.S, 
E. R. Hodges. The Krakatoa Catastrophe, 39. 

. Transactions and 34fh Aiini 1 Report, 1886. 1887. 

A. T. Metcalfe. Rain and Rivers as Geological Agents, 35.^ — J. Ship- 
man. Some traces of the Ancient Beach of the Lower Keuper at Don- 
nington, 61. 

Paleeontographical Society. Monographs. Vol. xl. for 1886. 
1887. (Two copies.) 

W. C. Williamson. A Monograph on the Morphology and Histology 
of Stigmaria Jicoides, part ] . — G. J. Hinde. A Monograph of the British 
Fossil Sponges, part 1. — W. II. Hudleston. A Monograph of the British 
Jurassic Gasteropoda, part 1, No. 1. — S. S, Buckman. A Monograph on 
the Inferior Oolite Ammonites, part 1. — W. Boyd Dawkins. Tlie British 
Pleistocene Mammalia, part 6. 

Paris. Academic des Sciences. Comptes Rendus. Tome cii 
Nos. 25 & 26. 1886. 

E. Jacquot. Sur la constitution gdologique des Pyr^mSes, 1506. C. 

V61ain, Sur la presence d’une rang^e de blocs erratiques ^chouds sur la 
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Paris. Acafltimio Bciences. Comptos Ihndus. Tables, 1880, 

Tome ciii. Nos. 1-26. 1886. 

G *de Sapnrta. Bviv Vhomon Toel tpii doit (dre iilaiioTeiosBile 

d’Aix on Provence, 27, 1<.>L-~A. V. Nofriies. Sur le systeme triasiqiie des 
pYremees Orientales, a propos d’une communication do M. Jacq^uot, 91. — 
% Faune des Invert^bres des grottos de Menton, en Italic, 94. 

_JjI jTaye. Sur les rapports de la Geodesie avec la Gcologie, 09, 29o. — 
P, lir»5on. Sur Tassociiition cristallograpliique des feldspaths tricliniquea, 

Vignier. Sur les roches des Oorteres appel6es ophites, 172. — C. 

Barrois et A. OfPret. Sur les schistes micaxiees primitifs et cambriens du 
Slid de VAndalousie, 174. — 0. Barrois et A. Offret. Sur les schistes et 
jmeiss ampliiboliques, et sur les calcaires du sud de I’Andalousie, 221. — 
Hubert. Observations sur les gi’oupes sedimentaires les pins anciens 
du nord-ouest de la France, 2,30.— L. Grid, llecherches sur la vegetation 
inioc^ne de la Bretagne, 290. — C. Lory. Sur la presence de cristaux 
microscopiques de ndneraux du group des feldspaths, dans certains 
calcaires iurassiqiies do's Alpes, 309.— C. Barrois et A. Olfret. Sur la 
disposition des breclies luilcaires des Alpujarras, et leur re.ssemblance 
avec les breches hoiiilleres du nord de la France, 400. — F. Willin. Sur 
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et Grand Nouvt.dles rech^rches sur la configuration et 1 etendue du 
bassin houiller de (liriuaux, 527.— L. (Vie Sur les affiiiiU's des flores 
oolitbiqiies de la France occidentah* et de 1 Angleterre oJb.— I. lidal. 
Sur le trembleinent de terre du 27 a.out en Grece, oi),'!— 1. Schrader. 



F. Gonnard. 

S. Meiiuier. 

Coutribution ii i eiuue x... ... ^ _ 

la Balmatie, 699.— Gurlt. MtUcorite trouvee dans uii Jignde butiaire, 
70->— \ l)aubT»5e. Meteorite tombee le 27 Janvier dans llnde, a 

ILmmiantbul, nrovince de Madras, 726.-C. 

Kemarques sur le l>oro.n/lon B. 

Penadt '^NouvrfW sur la Slides Poroxylins, Gyuunosperraes 

K .iLfdy J.US dllocations du globe pundant los pA-iodea rtentes le,™ 
Gdod/sie et de la CWologie 841.-^.jrcel d*-' 

de Saxe, ®d4. . rotteau Sur les Echinides jurassiques de 

de Menton Itel-!lp^-^<^°trgrotte L Montgaudier, 970.-1 A. I.e 
M™ les%olee de S^leale, 1017.-S. Meu^er. Cak«ire 
^in des env&ons de Previns (Sein6.et-Mame), 103i.-C. UepSret. bur 
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le systeme d^vonien de la chaine orientale des Pyr<5n6es, 1033. — F. 
Gonuard. Sur les pl^romorphoses de quartz de Saint Cl«^mont, 1036. — 
A. Lacroix. Description d’une vari«5te de carpliosid^rite, 1037. — A. de 
Lapparent. Sur les conditions de forme et de density de Ttlcorce ter- 
restre, 1040. — L. Cri6. Contribution a Tetude des fruits fossiles de la 
ilore Eocene de la France occidentale, 1143. — E. Bureau. Sur la forma- 
tion de Bilobittis a I’epoque actuelle, 11(54. — S. Meuiiier. Examen d’eaux 
miialrales de Java, 1‘20 ^. — De Folin. Sur une iiouvelle situation des 
roches nummulitiques de Biarritz, 1207. — O. Deperet. Sur Timportance 
et la diirde de la p^riode pliocmie, d’apres I’etude du bassin du lloussillon ; 
nouveaux documents pour le faune de Mammifen'S plioeene.sde ce bassin, 
1208. — 15. Biviere. Des Reptiles et des l*ois8ons trouves dans la ^rotte 
de Menton, Italie, 1211. — F. (donnard. Sur deux roches a bi^ryl et 5. 
apatite du V^lay et du Lyonnais, 1283. 

Paris. Academie des Sciences. Comptes Rendus. Tome civ. 
Nos. 1-24. 1887. 

A. F. Nogues. Obsi'rvatious relatives a une Note de M. Viguier, sur 
l(?s roches des Corbiert>s appelees ophites, et a uiio Communication de IM. 
Deperet, sur le systerne devonien de la chaine orientale des P^uvnees, 03. 
— S. Meunier. Examen microscopitpie des cendres du Kraloatau, Oo. — 
A. Lacroix. Examen critique do qiiolques miiieraux, 97. — Do Lesseps. 
Sur divers plidnoineiu's ollerls ]nir les puits artcsieiis rt^ctuunumt I’ores eu 
Algerie, 135. — L. Collot. Age de la bauxite dans le sud-est do la Franci*-, 
127. — Venukolf. Considerations sur la Carte geologiqm^ du hu? Baikal et 
de SOS environs, 137. — V. Jjemoiiie. Sur le genre P/c.s'iadffpis, mammifere 
fossile de I’doceiie inferiiair d(\s environs de iteinis, 190. — S. jNleunitu*. JiU 
Giovanite, nouvelle roche cosiuique, 193. — A. La(;roix. Description d’une 
Thomsonite. lamellaire d(' Hishopton, Ihmfrewshire, Ecosse, 234. — A. La- 
croix. Sur une epidote blanche du canal du Beagle, Terre de Fen, 235. — 
A. Issel. Sur I’existence de vallees submerges dans hi golhi de Cenes, 
250. — F. Gonnard. Siir c< rtains ])henoni<)nos de corrosion lineaire de la 
calcite de Couzon, Rhone, 3i(».— -A. Issel. Sur I’^^poque du ereusemeut 
des vallees subniergth's du golfe de Genes, .318. — C. Deperet. Sur la faune. 
de Vcrtdbres miocenes d(' la Grha‘-Saint- Alban, Isere, 379. -.1. Thoulet. 
Experiences sjmtln'thpies sur ral)rasion des roches, 381. — L. Itoiile. Sur 
les gisemtiiits (it Page do la bauxite dans le sud-(‘st de la Frautio, 383. — 
Favarcq et Grand’Eiiry. Sur uii gres d’origine orgaiiicme deertuvert dans 
les couches de. houilki dn bassin de la Loini, 398. — V. Lemoiue. Sur 
I’ensemble des rechercbes paleoulologi .'ies faites dans les tori-ains ter- 
tiaires inferieurs des environs de Reims,’ 403. — E. Bureau. Sur le mode 
de formation des Bilobites stries, 405. — P. Ilautefeuille et L. Peau de 
Saint-(lilles. Sur la reproduction des micas, .508. D. (Ehlert. Sur les 
oscillations qui se sont, produites pendant la piiriode primaire dans le 
bassin de Laval, 528. — J. B(*rg(ir()n. Sur la constitution gtSologique de la 
Moutagne-Noire, 630. — E. Ste})h.au. Le trcmblement do terre du 23 
fSvrier, a I’observatoire do Marseille, 556. — A. Gorgou. Sur le ferrite de 
zinc. Production artilicielle de la franklinite, 580. — G. Rolland. Sur la 
g^ologie de la r<5^on du lac Ktilbia et du littoral de la Tunisie centrale, 
597. — Reilly. Sur les gisernents de I’dtaiii, au point du vue g(5ologique, 
600. — K. de Kroustchoit. Sur de nouveaux proced(5s de reproduction 
artificielle de la silice cristallisee et de I’orthose, 602. — Fines. Sur le 
tremblement de terre du 23 lev'rier, enregistr(5 a I’observatioro de Per- 
pignan, 606. — F. A. bV)rel. Sur les eflets du tremblement de terre du 23 
f^vrier 1887 dans la Suisse orientale, 608. — S. Meunier. Tremblement de 
terre du 23 fevrier, a Nice, 611. — A. Tissot. I.,o tremblement de terre du 
23 fevrier, a Voreppe, Isere, 611. — J. Reveille. Le tremblement de terre 
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da 23 fdvrier, k Saint-Tropez, 6I2.—F. Denza. a ^ 

Att Oft fVSviTMr en Italic. 050 . Krfl.iir».r 4 iia BlllBnt do ttifr© 


da 2 .‘i f<5vrier en Italic WO -Francois Propa^ation^TrrXafe nt* 

terre de la Ligiiric, (.60 — A Wl. Sur 1« tremblonwnt de terre de la 
l-isrurio, (.(.-■— M. F. d(,itos.si ,Sur la tempOte sismiquo italienne- 
tranfaiHe du Jo f.-vrier, lft87 (.(.-l.—AllHard Secuus«.-s d<. tremhlezaent 
dB terre ressenties a (derraont-Ferraiid, le 2;{ f.Hrier, (i(!(i._P,.rrotiii L,e 
tr.-iublem«nl de bare du j:', ievi-ior i Nice, (itlO.—A. Lacrois. Sur les 


ftciolle au rums, /.i/ -A. Uzujdrv. Fe petit U/-.WS Kpelam de Gargas, 
74(1.— t. Fouque. }.«i-.ugijeuie,its divert rociieillis 8ur lo tremblemeut 
de terre du :2-. Kvner Iss, , 74-1 — F. Dcniia. .Sur le tremblemeut de terre 
du 2.. le.vrier, / .S. Mcumer. Premiers reaultats d'une cxploratiou de 

la zone ebraalee par Je treniblement de terre da 23 levrier, II. de 

-Parville. Sur line eorrtdution eiitre les treinblements de terre et les decli- 
iiaLsons de la Lnne, 7()1.— .1. I.i. Soret. Fe tremble nient de terre du 23 
fevrier, en Suisse, 7r»4. — Galli. Ijt* tremblemeut de terre du 23 t\5vrier, a 
1 observatoire dt‘/ \elletri, 7()5. — O. Naudin. t^Hielq^iu^s observations et 
reflexions au sujet du lreinl)lement de terri' du 23 fiHrier, a Antibes, 822. 

— B. Niepce. l)ocunients sur le.s Irembbiinents de ttuTC! de Nice, S3(). — 
B. Taniburini. Le treniblement de terre du 23, fevrier alaSpezia, 831. — 
A. d<i Vaiix. Le trenibbuinuit de terr*^ du 23 fevrier, en Li«^urie, 83,2. - 
F. A. Forel. 'iVemlilemeiit de terre et j^risou, <833,. — A. Blavier. Sur la 
cause pos.sible des treinblements de terre de 1755, 18.84 et 18.87, 83,5. — A. 
Lacroix. Etud<*. piHiM^niphiqin* d*un gabbro a olivine de la Loire-lTiftS- 
rieiire, 870. — S. Meniiier. lOxaineii mineraloo-iipii* du ler UMUeoricpie de 
Fort-l.)iiiican, Texas, <872. — Kx traits de divers Itapports du Service local 
du Genie aiir les efiets du trembleniont d(‘ terre du23 fevrier 1887, 8.84. — 
F. Denza. 1,6 treinblement de terre du 2.3 fevrier 1887, observe a 
Moncalieri, 8.S7. — 11. llesal. Sur un fait qui s'est prodnit ])ies dti Nice 
lors de la dernitfro seconsse de triunbbmieiit de terre, 050. — G. ile Snporta. 
Sur qnclques types de Fougeres terlinires nonveUeuK'nt obsorve.'j, 054. — 
A. Tjacu’oix. Note sur nne roebe a wernerite granulitiipie des environs de 
Sainl-Naz.nre, lOli. — S. JNbuinier. hixanien cbMpKjbpies galet.s du naL>:(d- 
tlnbe du Jligi, 1013. ()p]>eriuann. Sur les treinblements dt; terre, 1041. 

— Li. Soret. Siir le treiiibleineiit de terre du 23 fevrier 1887, lOS.'^. — S. 
AJeiinier. lleproduction artiliciells du spinelle rose on rubis Calais, 1111. 
— A. Olliet. Sur lo Iremblenient de t«.*rre ilii 23 fevrier 1887, 1150. — A. 


Gorgon. I’rodiiction a.rtiticiello de la magnetite, 1174. — L. Bourgeois. 
Nouveau proeede de reproduction de la crocoi.se, 1 302. — F. Gonnard. Sur 
les associations miin^rales de la pep<‘rite du pny de laTNnx, 1304. — L. Lar- 
tet. Sur le terrain carbonifore des I^yreutSes centrales, 1314.- -I,. Le- 
cornu. Sur le terrain siliirien du Calvados, 1317. — K. .lacqnot. Sur la 
constitution geologiqiie des Pyrenees; le systeme cainbrien, 1318. — P. 
Tln)mas. Sur la decouverte de iiouveaux giseinents de phosphate de 
cbaux eii Tunisie, 1.32 1 . — Fi. liiviere. De quelques bois fossiles tronvds 
dans les terrains qnaternaires du bassin pari^ien, 1382. — IT. Le Chatelier. 
Sur la constitution des argiles, 1517. — G. Cottean. Sur les genres 
^-oeenes de la famille de.s Bri.ssides (Ecliinidcs irr^guliers), 1532. — C. 
Rolland. Sur le regime des eaux artt^sieimes de I’Oiied Itir’ (Sahara 
alg6rien), 1534. — M uni er-Ch almas. Observations sur les actions m«5ta- 
morpbiques du granite et des hlons de quartz aux environs de Morlaix, 
1738. 


Paris. Academic des Sciences. Comptes Bendas. Index to 
Tome ei. 1885. 

von. XLiii, I 
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Paris. Annales des Mines. Serie 8. Tome ix. 2^ et 3® livraisons 
de 1886. 1886. 

B. de Chancourtois, O. Lallemand, et G. Chesneau. De I’^tude des 
monvements de I’^corce terrestre poursuivie particulierement an point de 
vue de leurs rapports avec les df5<ragements de produits gazeiix, 207 . — 
J. de Morgan. Note sur la geologie ot sur I’industrie mini^re du royaiime 
de P^rak et des pays voisins (prevsqu’ile de Malacca), 368. — E. Jacquot. 
Note sur la carte gdologique detaillde de la France, 577. 

. , . Tome X. 4^ et 5® livraisons de 1880. 1886. 

L. Bochet. I^tude sur la bassin houiller de Waldenbiirg (Basso-Sil«5sie), 
221. — M. Pell6. Etude sur les salines de Roumanie, 280. — Do Grossouvre. 
Etude sur les gisements do mineral de fer du centre de la France, 311. 

. Annales des Sciences Geologiques. Tome xv. 1884. 

Purchased. 

Croisiors de Tjacvivier. Etudes geologiques sur la d^partemont de 
TAriege et en particulier sur le terrain cr(5tace, No. 1. 

Tome xvi. 1885. ParcJiased. 

G. Vasseur. vSur le terrain tortiaire de Saint-Palais, pres Roy an, 
Charente-Inferieure, No. 1. — G. Ootteau. Eebinides du terrain <iocene 
de Saint-l'alais, No. 2. — P. Fontannes. Note sur quelquos gisements 
nouveaux des terrains miocenes du Portugal et description d'un Port union 
du genre AcJielous, No. 3. — 11. Filhol. De la restaiiration du sqiielette 
d’un Dinocerata, No. 4. — L. Dieulafait. Etude sur les roches opliiliques 
des Pyrenees, No. 5. — J. Dollo. Les decouvertes de Bfirnissart, No. 6. — P. 
Gourret. Constitution geologique du Larzac et des Gausses ni^ridionaux 
du Languedoc, No. 7. 

. . Tome xvii. 1885. Purchased. 

C. Dep^ret. Description geologique du bassin tertiaire du Roussillon 
et description des Yertebri% fossiles du t<?vraiu pliocene du Rf)ussillon, 
No. 1. — tl. Filhol. Observations sur le m^moire do M. Cope institubi : 
Relations des horizons renferinaiit des d^ibris d’ajiiinanx vertdbres fossil os 
en Europe et cu Aiueriqiie, No. 2. — B. Renault. liecluirches snr les vegt5- 
taux fossiles du genre A^tromjfelon, No. 3. — < ). C. Marsh. M()nogra])hie 
des Dinocerata, mammiferes gigantesques apparbrnant a un ordre disparu, 
No. 4. 


Tome xviii. 1885, Purchased. 

E. Fallot. Etude geologique sur les etages moyens ot supdrieiirs du 
terrain crtHace dans le snd-est de la France, No. 1. — L. Roule. Rccher- 
ches surle terrain fiuvio-lacustre inferieur do Provence, No. 2. 

. Annales des Sciences Naturelles. Zoologie et Paloontologie. 

Serie 6. Tome xx. Nos. 3-6. 1886. Purchased. 

. . . Serie 7. Tome i. Nos. 1-6. 1886 & 

1887. Purchased. 

. Annales Hydrographiques. Serie 2. Sem. 1 et 2 (1886). 

1887. Presented hy the Depot de la Marine. 

Sem. 1 (1887). 1887. Presented by the 


Dep6t de la Marine. 
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Paris. Association Fran^aise pour rAvancement des Sciences. 
Compte E-endu de la Session 13, Blois, 1884. Parties 1 & 2 
1885. Purchased, 

Partie 1. 

E. Oosson. Sar le projet de creation en A^^rie et en Tunisie d’une 
Mer dite intdrieure, 57. — Rouiro. La Mer int^rieure Africaine, 75. — 
G. de Saporta. Note sur lea Echinides des couches coralliennea infS- 
rieures d’Auxey, Oote-d’Or, 179. — E. Fuchs. Les richesses min^rales dm 
Tonkin, 181. — Bleioher. Terrain tertiaire d’ Alsace, 183. — G. de Saporta. 
Sur deux esp^ces j iirassiques du genre Orthopsis, Cotteau, 183. 

Partie 2. 

L. Qu^nault. Mouvements lents du Sol et de la Mer, 216. — F. Lefort. 
Recherches sur I’age relatif des diif(5rents systernes de failles du Moryan, 
220. — G. Ootteau. Sur les Echinides des calcaires de Stramberg, 238. — 
Y, Gauthier. Recherches sur le genre Micra^ter en Alg^rie, 243. — P. de 
Loriol. Sur le genre Miller icrinu>i^ 247. — G. de Saporta. Sur un nouyoau 
gisement do plantos fossiles coralliennea, 263. — Douvillo et Le Mesle. 
Carte geologi quo des environs de BloLs, 265. — V. Oaiithier. Surquelques 
Echinides njoustriieux, apparhmant au genre Jlemiaster, 268. — O. llarrois. 
Epongea hexactinellides du terrain d<^vonien du Nord do la Franco, 201. — 
O. Rarroia. Couches a Nercites du Bourg-d'Oiieil, llaute-(?iar(^nne, 202. 
— C. Barrois. Ihadies niotamorphiques du Morhihan, 263. — Bleiclier. 
Le lins do Lorraine au point de vuo palcnnlologique, 206. — G. Rolland. 
Terrains de. transiDort et terrains lacustres du Bassin du Chott Melrir, 
267. 

. Compto Rendu do la Session 14, Grenoble, 1885. 

Parties 1 2. 1880. Purchased, 

Partie 1 . 

G. Ootteau. r..e Paleontologie on 1886, 44. — A. Poniol. Sur le station 
pr6historique do T(‘riiiline, pres Mascara, 128. — C. ISFalaise. Elat actiiel 
des coiinaissances relatives au caiiibrieu et silurien do la Belgique, 129. — 
Jj. Collot. OonstitutifUi du cret.ice dans les Bouclies-du-Rhoiie, 129. — 
.T.M. Beroud. Sur la grotto des ihilnies, pres Villereversure, Aiu, 132. — 
E. Fuchs. Sur les gravicu's auriferes de la Sierra Nevada en Californio, 
133. 

Partie 2. 

L. Collot. Diversild (correlative des sediments et de la faune du 
mioc-eiie inariii d(\s Bou(.*hes-dii-lMi()ne, 339.— l*eron. Note sur les 
^itages de la craie aiix environs de Troyes, 34(), — V. Gauthier. Description 
de trois ecliinides nouveaux recueillis dans la craie do FAiibe et do 
I’Yonne, 36().-— G, Cotteau. Considerations goners Jes sur les (Scdiinidea 
du terrain jurassique de la Friince, 362. — P. de Loriol. (huip d’ceil 
d’ensemble sur les crinoVdes recueillis dans les couches jurassiques de la 
Franco, 36)4. — K. J^efort. Retdiercluis siir Page relatif de.s differents 
systemes do failles du Nivernais, 3)72. — L. Quenault. Sur les ost'illalions 
lentes du sol (it do la iner, 302. — E. Riviere. l.ie gisement quaternairo 
du Perreux, Seine, 401. — E. Riviere. La faune des invertt'^br^s des 
grottes de Menton, 407. — E. h''uchs. Note sur les gisoments de cuivre 
du Boles, 410. — D’Ault-Dumesnil. Nouvelles fouilles faites a Thenay en 
Septembre 1884, 403. — F. Daleau. Note sur les silex de Thenay, 4(57. — 
J. M. Beroud. La grotte des Balmes, pres de Villereversure, en Rever- 
mont, Ain, 471. — Sirodot. L’age du gisement du Mont-Dol, Ille-et- 
Vilaine, 478. — A. Arcelin. Sur les silex soi-disant taillds de P^poque 
tertiaire, 603. — A. Pomel. Station pr^historique de Temifine, Mascara, 
504. — E. Rivi6re. Le Trou au Loup, 663. 
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Paris. Journal de Conchyliologio. Serie 3. Tome xxvi. Nos. 1-4. 

1886. Purchased. 

M. Cossman. Description d’especes du terrain tertiaire des environs de 
Paris, 86, 224. — C. Meyer-Pymau. Description de coqnilles fossiles des 
terrains tertiaires siip^rieurs, 235, 302. 

Tome xxvii. Nos. 1 <fe 2. 18S7. Purchased. 

Museum d’Histoire Naturelle. Nouvclles Archives. Ser. 2. 
Tome viii. Pasc. 1 & 2. 1885-86. 

. . . Tome ix. Pasc. 1. 1886. 

. Revue Scientifiqiie. Tome xxxvii. No. 26. 1886. 

A. de Lapparent. D’attraction des glaces sur les masses d’eau voisines, 
801. 

. . Tome xxxviii. Nos. 1-24 & 26. 1886. 

De Montessus. T^a constitution interne du frlohe et les volcans, 360. — 
G. Cotteau. Association Pran^aise pour rAvanctmient des Sciences. 
Session de Nancy (1886), Section de Geoio^ie, 434. — Sir W. Dawson, 
Da "eolog-ie de rAtlanlique, 440, 488. — II. Dabonne. Des tourbieres di^ 
ITslande, 800. 

. . Tome xxxix. Nos. 1-25. 1887. 

A. de I^apparent. DVxcursion do la Soci»4e Geolonfiqiio en P)retapno, 
38. — JO. Jourdy. Dos dislocations du g'lobo ptujdant les prTiodes r<!C(‘nt<‘s, 
leurs r6soaux de fractures et la coiifomiatioii des continents, 120, 3>35. — 
A. de Lapparent. Des dislocations du globe, 332. — G. l)areinb(*rg. Do 
treniblement de terre du 23 fevrier a Menton, 338. -(^ Velain. Des 
treniblernc'iits de terre, I<‘urs effets et lours causes, 354, 305. — H. d’Pstrey. 
Des mines d’or de Sumatra, 433. 

. Socidte Pram^uise do Mineralogie. Rullctin. Tome ix. 

Nos. 4-8. 188(5, Purchased. 

O. Daret. INlineraux d<*s environs de Sainf-Nazaire (lioire-InrdiieurcOt 
120. — A. Dacroix. Snr 1’a.lbite dt*M pegmatites de Norwege, 131. — A. Des 
Cloizeaiix. Note sur quelques formes nouve.lles oljserveos sur des cristaux 
de topaze de ] )urango, Mexiqne, 1 35. — A. Des (3oizeanx. Note .snr la 
forme rhoinbiqiK* de la f ^oseloizite, 13*8^ 100. A. 1 )(‘s ( ’loizeanx. Not(* 
sur la veritable valeur de I’iudice moyen de la JOnderite de Stoiiebajii, 
141. — K. de Krousteboff. Note sur Jin iiouveau mini'ial accessoire de la 
roche de Deuclia (pi es de J joipzig), 143. — K. de Kroiisieboff. Sujijibnnent 
h la note sur la IVnidoliO^ d(! “Goose Day,” 147. — A. J^acroix. Com])te 
rendu de publications i’anger<\s, 148, 186. — A. Damour. Note sur un 
bt^ryl proveiiant de Madagascar, 153. — A. Des (i^loizeanx. Note sur la 
phdnacite de (Vdorado et de Pramont, 171. — A. Des Gloizeaux. Note sur 
la determination des jiarainetres dn lo.s ineideinais des formes 

observees dans ce mineral, 177. — A. Des (.doizeaux. Snr un inindral qui 
parait oifrir nne forme dinioiphc du rutile, 184. — P. .Tannettaz. Note 
sur un cbrysocolle do la Californio, 211 , — Ij. INlicliel. Snr la decoloration 
partielle du Zircon (Ilyacintlie) par la luiuiere, 215. — 11, Diitremblay dn 
May. Decoloration monientanee ob.S(*rvee snr des agates sonniises a 
i’influence des rayons solaires, 2D>. — D. J. Tgelstra^m. Pyrrboarsenite, 
no iiveau mineral de Sj cegrufvaii, 2 1 8. — G . (^esaro. N ote sur n n assemblage 
de cristau.v de cassiterite, 220. — G. Cesaro. Extension do I’observation 
de M. Mallard sur la made de Carlsbad, 222. — G. Cesaro. Note sur une 
nouvelle face de la calamine, 242.— F. Gonnard. Sur les minerais auri- 
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ftres des environs de Pontgibaud, 243. — L,. Bourgeois. Sur des titanates 
do baryte et de strontiane cristaJlis^s, 244. — K. de Kroustchoff. Notes 
pour servir a r(Stude litliologique de la Volhynie, 260. — K. de Kroustchoff. 
Notice sur une hyp^rite de Seeland, 268. — Gr. Wyrouboff. Sur la forme 
cristalline du chlorure de baryuui, 202. — G. Wyroubt)ff. Quelques mots 
a propos d’uti memoire de M. Schmidt sur la scol(5zite, 206. — G. CiSsaro. 
Note sur une propii<St4 g6om6trique du rhomboedre de clivage de la 
calcite, 281. — Kouque. Sur un mineral artitieiel provenant d’une scorie 
de forge, 287. — Fouqu^. Sur un gisement de gneiss a cordi^rite, 293. — 
N. Chatrian. Sur le giseinent de diamants de Salobro, Br<5sil, 302. — A. 
Lacroix. Compte rendu des publications ^trangeres, 305. — E. Jannettaz. 
Note sui' les rubis artificiels, 321. 

Paris. Socicte Fran^aise de Mineralogie. Bulletin. Tome x. 
Nos. 1-3. 1887. PurcJiffsed. 

M. L<5vy et Lacroix. Sur le granite a ainphibole do Vaugneray, 27. — 
K. de Kroustchoff. Nouvelles syntheses du quart/ et do la tridymite, 31. — 
A. Gorgeu. Sur la production artilicielle de la Zincite et de la Willemite, 
30). — II. Goguel. Coni])te8 reiidus des publications frau^aises, 39. — A. Bos 
Cloizeaux. Lisle des travaux de M. WebsK y, 4.‘>. — h^. .laniiettaz. N ote sur 
ruranito de Madagascar, 47. — Fouqiid- Sur les nodules de la gjanulite de 
Gliistorrai, 67. — A. Micliel-Levy. Note stir un basal te riche on zdolilhes 
des environs de Perh'r (l*uy-de-l)6me), 69. — (1. Band. Sur la prdsence 
du beryl et de re.rubescite dans les carrieres de Mist hi, pres Nantes, 131, 
— L. Michel. Note sur la reproduction artilic.itdle do la pyroinorphite, de 
la minietito et de la cain]>ylite, 12v>. — A. Lacroix. Ftudes critiques do 
Mindralogie, 142. — A. Lacroix. Note sur la composition petrographique 
des rocln^s do Blekka et Dalarne (Norwege), 162. 

. Societt* Geologi<iue de France. Bulletin. Serie 3. Tome xiii. 

No. 8 (18S6). 1886. 

Compte rendus de la rdunion extraordinaire dans la Jura meridional, 
du 2;l Aont au 1 St'ptembrc 18S,6, 661. [With communications by 
MM. Bertrand, Parandier, Albert (lirardot, Abel Girardot, Boiir- 
geat, llollande, llenevier, Guirand, Do Grossoiivie, Collot, G, Boyer, 
G. Maillard, Tardy, I’illtd, De Sarran, De laqipareiit, and Choffat.’j 

. . . . Tome xiy. Nos. 5-7 (1886). 1886. 

De la lMoussayf\ J^es iles floltantes de Cdairmarais, .‘>09. — (Jornuol. 
IJste des fossiles dn Cr61ace inlerituir de la Haute Marne, -312. — M. Coss- 
mann et 11. Arnaud. Un (JruciVjulmn camjianien, 323. — 11. Zeiller. Note 
sur des eiiipreintes houilleres des Pyreiiees-Orituitales, 328. — Chaper. Sur 
uue pegmatite diamantirere de Tlndoustan, .3.‘U.— J. De Cossigny. Note 
sur le Jurassiqiie moyen et sa division en dtagt's, 346. — B. Ilaiinis, Sur 
I’age des argiles du Caiital et sur les debris fossiles (pi'clles out fournis, 
357 . — F, >Sacco. Sur quelques restes fossiles de poissons du J*liocene 
du Piemont, 360. — A. de Jjapparent Le niveau de la roer, 3(58.— H. 
Douville. Essai sur la inorphologie des lJudistes, ,‘>89. — S. (Jalderoii. Note 
sur le Wealditm du Nord de ri^lspagne, 406. -G. De Saporta. Nouveaux 
documents relatifs a des fos.siles vegetaiix et a d(!s tract's d'invertebies 
as80ci<5s dans k's auciens terrains, 407. — A. Gaudl•^^ Sur un nouveau 
genre de reptile du I^erniitui d’Autun, 430. — M. t/ossmari. Sur les graudes 
ovules de rFocene, 433. — Ij’Abbe Bourceat. Gbservatitius failes aux 
environs d’Ariiitliod et de St. Julieii, Jura, 437.— A. Gaudry. Sur des 
restauratious de reptiles, 444. — E. .Jourdy. Note complemeutaire sur la 
G6ologie de Test du Tonkin, 445. — 1». Zeiller. Nottj suv les empreintes 
ytSgetales reciieillies par M, Jourdy au Tonkin, 464.— II. Douvillt^. 
Etude sur les gres de la foret de Fontainebleau, 471. — L. Flot, Dt'scripr 
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tion 4e ifalitherium fossih, Gervais, 483. — A. Toucas. Note sur les 
terrains cr4tac4s de la Valdaren aux environs du Beausset, C19, — A. 
de Lapparent. Note sur I’attraction exercee par les glaces sur les masses 
d’eau voisines, 624. — D. CEhlert. Bailies et tilons des environs de Mont- 
surs, 626. — Mieg*. Note compldmentaire sur les couches a Vostdonomya 
Bronni^ de Minversbeim (Basse- Alsace), 650. — L’Abbe Bourgeat. l*re- 
miere contribution a Vetude de la I'aune de i’Oolithe virguUoune du J ura 
meridional, 660. — S. Meuuier. Sur quelqucs empreintes problt^matiques 
des couches boloniennes du Pas-de-Calais, 6(>4. — C. Velain. Note sur 
I’existence d’une rangde de blocs erratiques sur In cote norriiande, 609. — 
R. Zeiller. Note sur les empreintes vegetales recueillies par M. Sarran 
dans les couches do combustible du Tonhin, 575, — Viguier. Note sur la 

S osition du Poiidingue de Palassou, dans I’Aude, 5'cS2. — De Bouville. 

lote sur le Poiidingue de Palassou, 580. — K. llebeid. lleinarqiies sur la 
faune des couches creracees de Villagrains, 5.s0. — i'. \S\ Sliiart-Menleath. 
Note prtdiminaire sur les gisements metal liferes des I’yreiiees occidentales, 
687. — A. Ponxel. Note sur deux echinides du terrain eoeeoe, 008. — De 
Lacvivier. Note sur lo terrain primaire du dtipartnient de TAriogo, 613. 

Paris. Societe Geologiqtie do France. Bulletin. Serio 3. Tome xv. 
(1887). Nos. l-:j. 1887. 

D. de Launay. Note sur deux gisements de cordi('iril«‘, siUiuuiTiito et 
^enat dans la r<?gion de Comnientiy, 12. — iMontcf. Note sur llxistenco 
d’line form.'ition we'aldieiine dans hi de])ar(enient du V5ir, au quartier du 
Revest, pres Toulon, 13. — JI. Armand. Position slratigraphique d(is 
argilos barioleea de T(‘rcis, Lnutles, 15. — Stanislas Meunier. F.sameu 
d’une substance resiiiense recueillie a J iUcbon le 28 juillet ]<‘^86 a la suite 
d’un coup d».* i'oiidre, 2'». — h\ Sacco. .De .l‘'ossani('H, noiivel etage du 
Pliocene d’Jtalie, 27.- — Salvador (^alderon. Resume de quelques (dudes 
de physiqiK? g(^elogi(|ue, .3(». — (.^ Dory. Sur Jes vajiations du Trias dans 
les Alpes ch; la. Savoie, et specialemeiit dans le massif de la Vanoise, 4(). 
— F. Fontanii(.‘s. Sur la faiimi des tUages Sariuali(pa‘ et Devantin on 
Roumanie, 40, — F. Delafond. Note sur les Tufs d(i JNl(.‘xiniieux, 62. -F. 
Deliii’oiid. Note sur les allurions aneiennes de la Brc'sse et des l)onib(\s, 
66. — A. I'nidy. Nouv'clies observations sur la Ihesst*, h'2. — Jj. Flot. 
Note sur le Prohalicore Jhdmhmi, ]o‘4. — P. Tliomas. Notes additionnelles 
sur les verlt-bivs fos.siles de la province de ( ‘oust an tine, 130. — A. Toucas. 
CJbservations sur la crai(‘ supc^ricuiro de D>ieulelit, 140. — A. I’oucas. 
Au siijet d’uue note de INI. d(‘ J.acvivier sur ll'dnde comparative des 
terrains civtaciis do rAri(‘'‘ge et de I’Audv 163. — 1*. ( 'hollat. Note prt^li- 
ijjijiaire sur des i’ossiles recneillis par J\J. D, JMabeira dans la proviiice 
d’Angola, 165. — F. Rutot et hi. \5in den Itroeck. Docunumts noiiveaux 
sur la baH(' du terrain tertiaire en Belgique, etsiir Tagc' du Tufeau de Ci])ly, 
157. — Bourgeat. Considerations sommuires sur la })osition des rognons 
siliceux du .lurassiqne supiirieur dans le Jura nmridional et sur les conse- 
quences qiii en decouhmt, 162. — (D I>ollfiis. Quelqiies nouveaux gistiments 
de terrain tcrtiai»’o dans le J ura prt^s do I'ontarlier, J 70. — R. Niddes. 8iir 
la pn^sence dc Amvi. poh/schidefi et Amm. AVm;rc/ dans TDolithe inferieure 
des environs de Nancy, 104. — l\)uecb. Iteponsc aux observations de M. 
Viguieur et de M. de Ronville a propos des pondingues de Palassou, 199. 
— A. de I^apparent. Conference sur le sens des mouvements de I’ecorce 
terrostrc, 215. 

Penzance. Royal Geological Society of Cornwall. Transactions. 
Vol. xi. Part 1. 1887. 

W. W. Smyth. The Anniversary Address of the President, 11. — R. 
W. Bell. The Pliocene Beds of S^t. Frth, 46. — R. N. Worth. On an 
unmapped exposure of Serpentinous Rock in Whitsand Bay, 61. 



ADDITIONS TO THE IJBBAHY. 129 

Philadelphia. Academy of Natural Sciences. Proceedings, 1886. 
Parts 1-3. 1886-87. 

O. McCormick, The inclusions in the Granite of Craftshury, Vt,, 19. 
— J. Leidy. An Extinct Boar from Fh^rida, 37. — C. Kominger. On the 
Minute Structure of iStromato^m'a and its allies, 39. — A. Heilprin. Notes 
on the Tertiary (neology and Pala*ontology of the Southern Cniied States, 
37. — C. Wachsnuith and F. Springer. Revision of the Palseocrinoidea, 
Part III. Section "2^ (54. — L. Harvey . On Anthraamiarius trilohitvSf 
Scud., 231. — A. ri. Smith. The Ttailway-Cutting at Grant’s Ferry 
Road, 263. — J. Lfcid 3 ^ To.rodo7i and other remains from Nicaragua., O. A., 
276.-— A. E. Footer 4’ he Opal-jVlines of Queretaro, Mexico, 278. — G. A. 
Koenig. Mineralogieal Notes, 281. — L. Wool man. Oriskauy Sandstone 
in Lycoming Co., Pa., 296. — G. A. Koenig. Manganese-Zinc Serpentine 
from Franklin, N. .T., 360. — A. Heilprin. On Miocene Fossils from 
Southern New Jersey, 361. — C. S. Doll<*y. On the lleliclites of Luray 
Cave, 361. — G. A. Koenig. On Schorlomite as a variety of Melanite, 365. 
— II. F. Oshoiai. Observations upon the Upper Triassic Mammals, IJro- 
matlto'inm and Mivrocointdoii , 369. — F. A. Gentli. On an undescribed 
Meteoric Iron from East Teiiue.'^see, 306. 

. Arnorican Philosophical Sochdy. Proceedings. Yol. xxiii. 

Nos. 123 & 124. 1886. 

J. C. JEannor. The Glaciation of Parts of the Wyoming and Lacka- 
wanna Valleys, 337. — E. D. (k)])e. On two new S}>eeieH (tf Jliree-toed 
Horst'S from the Upper Miocene, with Notes on ll»e Fauna of the 
TicholeptusAnHK^^ 351.— A. S. Packard. l)isc(»v«'ry of the 4'horacic Feet 
ill a Curlxmiferous IMijllocstridan, 380. — P. l^razc'r. Sketch of the 
Gettlogy of York County, l’euns\l\ aiiia, 301. 

Photographic Society of Great Britain. Journal and Transactions. 
N. S. Vol. X. No. 9. 1886. 

Yol. xi. Nos. 1-8. 1886-8' 

Physical Society of London. Proceedings. Vol. viii. Parts 1-4. 
1886-87. 

Pisa. Societa Toscana di ScienzoNaturali. Atti. Memoric. Vol.viii. 
Fuse. 1. 18S(). 

hh JMeneghiTii. Ooniodiscus Jcrrazzu\ Mgh., niio\a. stdleride tt'r/.iaria 
del \ icentino, 1. — C. de Stefiini. TJa.s infin’iore a.d Arit'ti doll’ Apenniiio 
setleiitviouale, 9, — A. de (iregnrio. Intorno a uii eleposito di liotlitoii e 
di Carnivori sulle vetUi di Monte JYllegrino con uno .seliizzo sincronogra- 
fico del calcare postpliocenic(» delhi Vallala di i’ah'inio, 217. 

• . . Procesjsi Verbali. Vol. v. Pp. 79-226. 

1886-87. 

L. Lusatti. Sulla trachile della Tolfa, 0(k-~ B. Lotti. Brovi consi- 
derazioni sulle trachili della Tolfa, 00.— A. 1 fAchim-di. R.ucee ottre- 
litiche delle Alpi Apu.'ine, 110. — G. Ristori. Sui deyjositi q»uiU.‘riiari del 
Casentino, 114, — -G. Itistori. Filliti dei travertini 4V)scani, 114. — B. 
Lotti. Metaiuorlismo di sediinenti cretacei, 140. — JJ. Lotti. Origino 
della peridotil(!, 141. — 1), Pniitanelli. J cosidetti gliiacciai Mpeniiinici, 
Sulla fauna del Ca])o di S. A’igilio illuslrata dal 
’ i'^--“^i-^f'auavari. Itilevamento geologico della Sihilla., 162. — 
V. bimonolli. Echinodermi fossili di Pianosa, 163. — C. De Stefani. Gli 
schisti cristallini dell’ Apennino Savoiiese, 173.— C. Do Stefani. 11 
piano pontico sui monti della Tolfa, 175. — G. Grattarola. Cerussite di 
V al hontana, media Valtelliua, 177. — M. Canavari. Di alcuni tipi di 



130 ADDITIONS TO THE UBRART- 

foramimfere appartenenti alia faniiglia delle Numniulmidse pccolti Del 
Trias delle Alpi Apuane, 184. — M. CanaTari. Fo&sili titoniaiii Del MoDte 
Pisano, 187. — G. Gioli. Fossili della Oolite di San Tigilio, IDS.— 1>. 
Pantanelli. La Melania eui'inrostra, Desh., dell’ Abissinia, !^04. — O. I)e 
Stefani. I deposit! glacial! nell’ Apeniiino di llogpio e di Modena, 206.-— 
G. Ristori. 1 dintorni d’ Orciaticoin provincia di Pisa, 21 2.— G. Ristori. 
Filliti nei Traveidini delle Sngberelle presso Rio (Lola D’Flba), 217. 

Plymouth. Devonshire Association for the Advancement of Science, 
Literature, and Art. Report and Transactions. Yol. xviii. 
1886. 

W. Peiigelly. JJappaTray Cavern, Toi’qnay, 101. — A. Soinervail. The 
Ph3^siograpliy of Torquay ; the geological etriictiire and origin of its Hills 
and Valhys, 171. — AV. Downes. Geological Notes on the IToniton 
District, 181. — AV. IViigell^’. Notes on Notices of the Geology and 
Palau )ntolog\-’ of Devonshire, 488. 

. . . Flxtra A'olume. The Devonshire Domes- 

dny. I*art Jh 1880. 8vo. 

Pl^'mouth Institution and Devon and Cornwall Natural History 
Society. Annual Report and Transactions. Yol. ix. Part 2 

R. N. AAhnth. The Rochs of PRraouth, 216. 

Quekett jMicroscopituil Club. Journal. 8er. 2. A’^ol. ii. No. 16. 

1 886 . 

E. Grove and G. Sturt. On a Fossil IVIariuo Diatoinaceous Deposit 
from Oaniare(‘, New Zeahiud, 621. 

. . . A’ ol. iii. Nos. 17 & 18. 1887. 

E. Grove and G. Sturt. On a Fossil Marine. Diatoniaceoua Deposit 
from Oaniaree, 7, 66. 

Record of Zoological Literature. (Zoological Record.) Edited 
by A. C. L. G. Giiiitlier, A. Newton, E. C. Rye, and J. 
Roll. 1864-1885. A"ols. i.-xxii. 8vo. London, 1865-1886. 
Ihirchascd, 

Rio de Janeiro. Museum Nacional. Archives. Yol. i. (1876). 
1876. 

. . . Yol. ii. ( J 877^ 1877. 

O. A. Derb^^ Contribui^oes para a Geologia de Regiao do Baixo 
Amazonas, 77. 

. . . A^ol. iii. (1878). 1878. 

H. Gorceix. Estudus geologicos e miueralogicos sohre algumas locali- 
I da IVovincia de Minas Geraes, D. — L. l)upre, Jun. Estudo geo- 
logico e mineralogico da regiao PI. do Ouro-IVeto, comprehendida entre 
aquclla cidade, a provoa^ao do Taquaral t! o rio do (^irmo, 11 . — Ij. A. 
Con-ea da Costa. P^stndo geologico de regiao de S. Rartliolomcu e 
da mina de Ouro da lAip^ra perto de Ouro-Preto, 17. — O. A. Derby. A 
geologia da Regiao Dianiantifera da Provincia do Parana, 89.— O. A. 
Derby. A Dacia Cretacea da hahia de l\>dos os Santos, 165. — R. 
Rathbnn. Observayoes sohre a geologia aspecto da llha de Itaparica, na 
hahia de Todos os Sfintos, 159. 

Yol. iv. (1879). 1881. 

O. A. Derby. Contribiii^ao para o e.studo da gecdogia do Amalie do Rio 
S. Francisco, *87. — O. A. Derby. Obaerva^oes sohre algumas rochas Dia- 
IS da Provincia de Minas Geraes, 121, 



ADDITIONS TO THD LIBDABY. 131 

Bio de Janeiro. Museum Nacional. Arcliivos. Vol. v. (1880). 
1881. 

. . . Vol. vi. (1885). 1885. 

Koclicster Naturalist. No. 12. 388G. 8vo. Presented hy TV. 

WhitaPer^ Esq.^ E.G,/S, 

C. Bird. The Chalk, 204. 

Homo, llcale Accademia dei Lincei. Atti. Serie 3. Memorie. 
Vol. xviii. 1884. 

0. De StiifjiTii. Ksciirsioue seientifica Delia Calabria (1877-78), Jejo, 
Montalto e Capo A aticauo, o. — G. Capellini. II Chelonio Veronese 
(l^rutoiijihayyis veri nendtiy Cap.) scoperto nel 1852 nol Crctaceo superiore 
pressfi Sant' Anna di Ali'aedo in Valpolicella, 201. 

. . . . . Vol. xix. 1885. 

F. Saiisoni. Sulle forme cristalline della calcite di Andreasberg 
(Ilarlz), 450, 

. . . Seric 4. Memorie. Vol. i. (1884-85). 

1 885. 

G. Striiver. Coiitribiizione alia mineralogia dei vnleani Sabatini, 
P}irt(* T., 5. — (}. Capollijii. Del Zitioid<‘ fossile {ChojiozqdiUK planivod ris) 
pcop«n‘to jjelle subbie ]»lioecniehe di b’angoiHMO presso Siena, 18.— (j. Do 
Stefani. Stiidi ])al(!oy.ool<i»iei sul la < ret a superiore e media dell’ Apennino 
settenlrionale, 70. — G. Ponzi. Conglomeiato del Tavolato, 540. 

. . . . . Vol. ii. 1885. 

A. C%>ssa. Sulla vita ed i lavori scientiiici di Quintino Sella, 5. — Lavori 
di Quintino Sella, 45, 225. 

. . . . Itendicoiiti. Vol. ii. Somestro 1. 

^ Fuse. 12-14. 188(>. 

F. Killer. Sulle roeee magnetiche di IJocca di Papa, 428. — G. Struver. 
h'or.sterite di Dnc.caiio, 459. — F. Mattirolo. Intoi-no ad aleune roeiue 
della vallo del Peima nell’ Apennino ligure, .502, 045. — 1). JjC»visato. 
Sopra il granito a sferoidi di Ghistorrai presso Foiini in Sardagiia, 507. — 
F. Stassano. Fa foce del Congo, 510. 

. . , ^ liendiconti. Vol. ii. Semestro 2. 

Fasc. 1-5, 7-12. 1880. 

A. 15eeini. Su di un minerale che accoinpagna la columbite di C?ra- 
veggia in Val Vigezzo, 40. 

• •. . . Kendiconti. Vol. iii. Fasc. 1-9. 

1887. 

G. Seguenz.a. Gli strati con PhynelKmolla Berelda^ Gppel, presso Taor- 
mina, lO. — F. Giacoiuelli. Sul terremoto del 29 agosto, 1880, 20. — G. 
Seguenza. 1 calcari con iStephanoveras {^iSpluprocifvas) JJronyniartii, Sow., 
presso I’aormina, 180. 

. Societa Geologica Italiaiia. llollettiiio. Vol. i. (1882). 

1882-83. 

Estratto della conferenza sulle serpentine, 14. — T. Steiry Hunt. Ilias- 
sunto della conferenza, 32. — G. B. Chancourtois. Sulle serpentine, 39. 
~-L, Nicotra. Diatomeae in schistis quibiisdam messanensibus detectec, 
45.— F. Molon. I colli berici del Vincentino, 47. — T. Taramelli, Ossor- 
vazioni geologiche^ nel raccogliere alcuiie campioni di Serpentini. 80. — 
D. Pantanelli. Fauna niiocenica a radiolarie dell’ Apennino setten- 
trionale, 142. — G. Mazzetti. Relazionc interne al modo di forinazione 
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delle argille sca^liose di Montese, 15C. — A. De Zigno. Resti di Sauriani 
nel Lonibardo-\ eneto, 1 61 . — K. Nicolis. Note di geologi a Veronese, 162. 
— C. l)e Stefani. Osservazioni sulla carta geologica d’ Italia pubblicata 
in ucciisione del Congresso di IJologna, lr»5. — T. Taromelli. Osservazioni 
fatte nei njonti cireostanti al passo del Senipioiie, — T. Taramelli. 
Osaervazioni latte nell’ Apenniuu di Piact?iiza, 18it— -A. Verri. Trasfbr- 
mazioni idrogralicbe nel territorio di IMeti e Terni, 191. — I. ('aliei. Con- 
tribnzione alia fauna cretact^a lUiliaiia, 100. — 11. Arturo. T^a provincia 
di Treviso, 200. — A. Jssel. Anti«-be line« litorali della Ligiiriji, 222. — ^ 
O. Segre. Appunto geognostico sulle rocce calcareo-inognesiaehe, die 
costeggiaiio il V'elino vidiio al pae.se di Aiitrodoco, 233. — C, F. Parona. 
Sopra i lonibi plioceiiiei siiuati tra il baciuo del lago d'Orta e la val Sesia, 
© suir altopiano di Iloca e di Maggiora, 230. 

Rome. Socii'ta (leologica Italiana. Rollcllino. Vol. ii. (1883). 
J 883 -84. 

G. A. Tuerimei. Sulla struttura e i terrc'jii che formano la catena di 
Fara in Sabina, JO. — Verri. Due parole sui tub leiicitici dei Yulcani 
Tirniui, 40. — L. Mazziioli (' A. Issd. Sulla .sovrn])osizi(me ndla IMvieradi 
ponento di una zona uliolitica euceiiica ad una forniazioiie oliolilica paleo- 
zoica, 44.- — G. Seguenza. Gli Ostracodi dei ])('riodi terziarii e qiiaternarii 
viventi nel mare di iMessina, 57 .---4’’. Taramelli. Dello studio g('ogno.stico 
del Huolo agrario in rapporto (u>l propo.do eensiimmlo dei ti'rrc'iii ])rodut- 
tivi del regno d’ Italia, S4. — G. LJzielli. Sulle argille .scaglio.<e, 05. — A. 
Verri. Sui bucini del Gliiascio e del Tojiiuo, 108. ~G. Segre. Sulla 
co.stituzione geologica dt‘lJ’ Ajxumino Abruzzese, 121. F. Jlonardi. 
Analisi diimiea di aleune argille glaeiali e plioctMiiclie dell' Alta Italia, 
120. — G. Uzielli. Sulle ondulazioni torre.stri in reJazione eon 1’ nrogialia 
degli Apennini e delle Alpi, J3»8, — A. Neviani. Di un orizznnte a. Sep- 
tarie m;l Dologuese, 104. — T. '’J'aramelli. Sulla. nec<‘.ssit.a di stndiare le 
«ponde del baciiio Adi'io-])adauo, 1(>7. — Fi. Nicolis. Sul terziario nelle 
Preal])i reticlie ad orie.nte del lago di Garda., 171. — Fornasini. Nota 
prcliminare sui fora.miiiilV'ri della mama plioeenica del Ponticello di Savena 
nel Dologne.so, 170. — G. JMazzetti. Della stratiticazioiu' delle argille sea- 
gliose di IMonte.scf (bdl’ aiialogia cli(‘ jias.sa fra alcuni lembi di terreno di 
Co.sla de’ Grassi nel lieggiaiio (mI alcuni alliorameiiti di S. iNlartiuo e di 
lianoccbio iiel -Modeiie.se, 100. — F. Saliuoiragbi. Sulla galleria abban- 
domita di .Maj(durjgo in (-alabria ( -itmiore, 103. — D. Gatta. Su alcuni 
fenoiiieiii li.sici relalivi all’ i.sola d' l.^cliia, 210.- -A. Negri. Stmli .sulle 
Alpi Vicentine,, 223.— -M. Canavari. Relazimie del eseur.sioiie fatte il 3 e 
4 settembie, 1883, alia grotta di Fra.-a.ssi (* al pcmte dtdla Dossm nei din- 
torni di Fabriano, 220. V. Simoiielli. U monte della Wriia e i suoi 
fossili, 235. — F. Olivero. Orogralia delF Apenniiio, 284. 

. . Vol. iii. (1884). 3884. 

A. Verri. La Greta o I’Foccme nel baciiio del ’feyere, 18. — G. De Ste- 
fani. Sugli studi dell’ Lllicio geologieo nelle Alpi Apuane e nidi’ Apen- 
nino, 23. — A, Alberti. Dal Garda agli Fuganei. Sag-g-io di ineeeaiiica 
stratigrafica, 41. — G. Ponzi. Di uii grande o.s.so l\\s.41e riiiveimto ihu con- 
torni di Roma, 00. — R. Meli. Mfdluscbi tervestri e d’acqna tlolce rin- 
venuti nel tiito litoide della Valcbetla prea.so Roma, 7 1 . - G. lAiruasini. 
I Foraminiferi dtdla Tnbella Oryctographica, 85. — A. Verri. Di alcuue 
divergenze col dott. Garlo de Stefani .sulla geologia dell’ Umbria siipe- 
riore, 05. — A. Verri. Divisione tra le formazioni Liasiche, Giuresi e Cre- 
tacee nei monti dell’ Umbria, 109. — A. Verri. La valle superiore del 
Tevere, 114. — A. Rossi. Note illustrative alia carta geologica della pro- 
vincia di Treviso, 131. — A. Neviani. Note geologiche sui bacino del Sa- 
moggia nel Bolognese, 161. 
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Kome. Societa Geologica Italiana. Bollettino. Vol. iv. (1885). 

1886. 

E. Nicolis e C. F. Parona. Not« sirntigralinLe e paloontolc giche sal 
Giiira supt'rioro della Provincia di Veronn, 1. — L. Foresti. 8ul Pecten 
Diiderl.-Meli, 07. — C. Foriinsiin. Toxtulariim ed altri forainiiii- 
fVri fo.^sili iiella nun iai iniuceiiiea di S. lUitillo pivsso Polopia, 102. — F. 
Salinoiraghi. Ee piraiuidi di erosioiiti ed i terreid glaciali di zone. Cori- 
tribuzidiie alia geologia iieozoiea del Lago d'lseo, 117. — F. llfissani. Sull* 
elii degli slrali a pesci di Castellavazzo uel llelluiiese, 146. — (1. Iliva 
Palazzi. l.a Geologia e gli studi geograliei, 1 40. — A. Verri. Appimti 
per la Geologia dell’ Italia eentrale, 176. — (■. Foniasini. Lageiie fossili 
ueir argilla giallastia di S, Pitdro in Lama presso Leece, 188. — A. Tom- 
m/isi. is’^ote paleoiilologielie, lOO.— X^. Tlotti. l^iiglia e Calabria, schizzo 
geologieo, 226. — 1). Pantanelli. 11 endaeeo tii jMoiitese, 2.‘>2.— T. Tara- 
nielli. Nott* geoUigielio sul badno idrtigralieo <le] liume I'ieino, 260. — 
T. Tittoni. La regioiie traebitiea dell' Agro Sa.balino e Cerit«‘, 6.‘i7. — CL 
Segiieiiza. T.e S|jinferina did vari ])iaiii del Lias INlessitiese, 677. — P. E. 
Do F('rrari. lidaziom^ della eseiiivioiie fatte alia luiiiiera di lignite di 
CastelnuoTO ])re.sso 8. CJiovanni, Valdariio, 526. 

■ . . . Vol. V. Ease. 1-6 (1886). 1886. 

A. Del l*rato. Lineceronte fossile nel l^irmense, 20. — C. Fornnsini. 
II jSautiiun l(‘(/vvicn di Liiineo e la YiujinuJimi chujam^ di d’Orbigny, 25. 
—A. jSi'viani. Una sezione geolngica da Dazzano a Tiola lungo la rive 
siiiijstra del Sanicggia, .*> I . — (L I’lTreiizi. Sopra un b'liibo di lias rossO' 
ainuKMiitieo rii)M!nuto nella mentngna di Santaeroce presso Narni, 60. — 
C. Segneiiza. Del retieo al eapo di Taormina, 42. — A. Verri. Sui tuli 
dei vuleaiii Tirreni, 46.- A. ^d'rri. Dr(‘ecia graiiiliea d<‘l monte Dernta, 
5.‘}.- - L. IMcciardi. Sulla eomp(».sizione ehimica d(*lle roceo vulcaniche di 
Ai-sab, 57. — A. N(‘\iani. Sui giaeimenti dei e(4.aeei I’ossili nel iMonteleo- 
newe eon ir.dieazioni di altri liiiveiiuti nello ( dilabrie, 61 . — 1^\ Saeeo. II 
piano ]\lessijiiano nel Piemonte, 74. — (1. Pistori. 1 Oostacei bracliiuri e 
anoinnvi del pliocene italiaiio, 0.‘>.— C. Foruadni. Foraininileri illnstrati 
da Soldani <> eitati dagli autori, 1.61. — (bFoniasini. Di uleune lliloeulino 
lossili negli , strati a ./V'c/ew hifsiriA: del Dolognese, 255. — F. (divara. Lo 
...la..., inariiose ])lioeenieho di Mongardino e i loro fossil', F. 

Miiviani. Deserizione dei t(‘iT(nii niioeenici fra hi. Sei ja ia, e la Stafibra^ 
~77.— Cardinali. Sr)pra iin niassu <li gneiss vinveniito mile argillo 
])lio{-eniehe dei diiitorni eli Apjiignano, 616. — (1. Tt'rreiizi. II plineene 
dei dintorni di Narni, 621. — (5 I’ornasini. Sulla iHnndalhia di 

Itenss, 667.— F. C^asti’aeaiie. I tripoli marini nolle valle Met.ainense, 646. 

- Ch Fornasini. Variets'i di Lagena be'^sile negli strati a Pvvlni hyxtrix 
del Dolognese, 650. — (1. X^zielli. Sopra nn cranio di Coccodrillo trovato 
nel Modenese, 655.- F. Sacco. II piano Messiniano ntd Piemonte, 666. 

— rrottarelli e A. Verri. Aotizie geologiclie ed analisi cliemiche di rocce 
calcari e di pozzolane nel territorio del bacino del Tevere, 605, — G. Se- 
guenza. Gli strati ^\. Ponidonomya alpina., Gras, ludle serie ginrassica del 
'Lun’ininese, 402. — H. Pohlig. Sul pliocene di Moraglia (l\.*rsia) e sugli 
elefanti lossili della Caucasia e della Persia, 400. — II. Pohlig. Sopra 
una monogratia degli elefanti fossili della Germania e dell’ Italia, 416. — 
A. \ eri*i. Aziono delle forze nell’ assetto delle valli, con nppendice sulla 
distribuzione dei fossili nella Valdichiana o nell’ Umbria interna setten- 
trionale, 416. — A. Issel. Resti di un’ antropoide rinvenuli nel pliocene a 
Ihetra Ligure, 455. — 13. Lotti. Gabbro od Eufotide ?, 460. — A. Verri. 
Resoconto delle escursioni, 607. 
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Koyal Agricoltnral Society. Journal. Ser. 2. Vol. xxii. Part 2. 
188B. 


Yol. xxiii. Part 1. 1887. 

Royal Asiatic Society of Great Britain and Ireland. Journal. N. S. 
Vol. xviii. Parts 3 & 4. 1880. 

Vol. xix. Parts 1 & 2. 1887. 

Royal College of Surgeons of England. Calendar, 1880. 3 886. 

Royal Geograpliical Society. Proceedings. Yol. viii. Nos. 7-12. 
1880. 

Ardagh. The Red Sea Petroleum Deposits, 502. 

. . Yol. ix. Nos. 3-0. 3 887. 

E. Naumann. The Physical Geography of Japan, with remarks on the 
people, 86. 

Royal Institution of Great Britain. Proceedings. Yol. xi. Part 3. 
No. 80. 1887. 

J. Dewar. Recent Researches on Meteorites, 541. 

Royal Meteorological Society. Quarterly Journal. Yol. xii. Nos. 
59-61. 1880-87. 


Royal Microscopical Society. Journal. Ser. 2. Yol. vi. Parts 
4-0 A. 3 880. 

C. D. Slu rhom and F. Chapman. On some Microzoa from the London 
Clay exposed in the Drainage Works, Piccadilly, London, 1885,767. 

. . . 1887. Parts 1-3. 1887. 

Royal Society. Philosophical Transactions, 1885. Yol. clxxvi. Parts 
3 & 2. 1880. 

G. J. Ilinde. On Beds of Sponge-remains in the Lower and Upper 
Greensand of the South of England, 406. 

. . Yol. clxxvii. Part 1. 1880. 

Sir R. Owen. Description of Fossil Remains, including Foot-bones, 
of Mcgalania prisca^ 627. 

. Proceedings. Yol. xl. Nos. 243-245. 1880. 

11. J. Johnston-Lavis. The Relationship of the Activity of Vesuvius 
to certain Meteorological and Astronomical I’henomena, 24K. — Sir R. 
Owen. Description of Fossil Remains of two Spc^cies of a Mcgalanian 
Genus {Meiohinia, Ow.) from Lord Ih>Ave’s Jslnnd, 615. — F. Rntley. 
Notes on Alterations induced by Heat in certain Vitreous Itocks, 460.— 
G. Ansdell and J. Dewar. On the Gaseous Constituents of Meteorites, 
540. 

. . Yol. xli. Nos. 246-250. 1886-87. 

J. Prestwich. On I'nderground Temperatures, with Observations of 
the Conductivity of Rocks; on the Thermal Edbcts of .Saturation and 
Imbibition ; and on a Special Source of Heat in Mountain Rjinges, 1. — 
J. I’restwicli, On the Agency of Water in Volcanic Eruptions, with 
some Observations on the Thickness of the Eartli’s Crust from a Geologi- 
cal Point of View ; and on the Primary Cause of Volcanic Action, 117. — 
Sir R. Owen. Additional Flvidence of the Aflinities of the Extinct Mar- 
supial Quadruped Thylacoleo carnifeXy Ow., 617. 
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Royal Society. Proceedings. Vol. xlii. Nos. 251-254. 1887, 

J, W. JMaliett. On the Occurrence of Silver in Volcanic Ash from the 
Eruption of Cotopaxi of Jul3"22 and 2:J, 1885, 1. — W. O. Williamson. 
Note on Lepidodendrou Marcourtii and L.fuliyhiosum, Will., G. — VV. O. 
Williamson. On the Organization of Eossil Plants of the Coal-measures : 
Ileteranyi'Uin tilicaoides^ \\’ill., and Kaliu tflon llookeri, 8. — J. W. llulke. 
Sup}>lemtnitary Note on Polacaidhu^ Jbo.viij describing the Dorsal and 
some parts of the Endoskeleton imperfectly known in 1881, IG. — II. O. 
Seeley. t>n Proterosaurua Speneri (Von Meyer), 8G. — T. H. Huxley. 
Preliminary Note on the Fossil Ilemains of a Chelonian Reptile, Cerato’^ 
chelys sthenurusj from Lord Howe’s Island, Australia, 252. — E. Hull. 
Note on Dr. G. .1. Hinde’s Paper “ On Beds of Sponge-remains in the 
Lower and Upper Greensand of the South of England,” 304. — E. T. 
Hardman. Note on Professor IIull’s Paper, 308. 

Rugby. Rugby School Natural History Society. Report for the 
Year 1886. 1887. 

St. Petersburg. Academie Imperiale des Sciences. Bulletin. 
Tome XXX. No. 4. 1886. 

F. Schmidt. Ueber einige neue ostsibirische Trilobiten und verwandto 
Thierformen, 502. 

. . . Tome xxxi. Nos. 2-4. 1886 & 1887. 

N. de KokcbarofT. Mursinskit, nouveau mineral, 450. — C. Zahalka. 
Sur les Phytnatelks des couches crdtac^es en Boheine,464. — A. Karpinsky. 
Contributions a la connaissance geologique du gouvernement do Pskow, 
473. — A. Karpinsky. Sur quelques rociies metamorphiqiies de I’Oural 
contenant le graphite et le grenat, 484. 

. . Memoires. Ser. 7. Tome xxxiii. Nos. 6-8. 1886. 

E. Mojsisovics von Mojsvar. Arktische Triasfaunen, No. 0. — J. Lahn- 
sen. Die Inocoramen-sciiichteii an deni Olonek und der Lena, No. 7. — 
F. Schmidt. Revision der ostbaltischen silurischen Trilobiten, No. 8. 

. . . Ser. 7. Tome xxxiv. Nos. 1-13. 1886. 

A. Stuckenberg. Materialien zur Kenntniss der L'auna der devo- 
nischen abhigerungeu Sibirieiis, No. 1. — A. Struve. Ueber die Schicht- 
enfolge in den Carbonablageruiigen im sudlichen Theil des luoskauer 
Kohlenbeckens, No. 6. — N. v. Kokscharow'. Die etivas naheren Bestim- 
miingen der Walnewit-Kiystalle von der Grube Nikola j e-Maxim ilianowsk, 
No. 10. 

Ser. 7. Tome xxxv. No. 1. 188 

Salem. Peabody Academy of Science. 19th Annual Report. 
1887. 

Sanitary Institute of Great Britain. Transactions. Vol. vii. (1885— 
8()). 1886. 

J. D. Paul. On tlio Valley of the Soar, 261. 

School of Minos (Royal). Magazine. Vol. i. No. 3. 1877. 

Presented ht/ iv. \V kitaher^ Jdsq,^ P.G.S, 

• • Vol. ii. Nos. 1 & 2. 1877—78. Presented by W. 

Whitaker, Jdsq., P.G.^S. 

C. L. Morgan. The Drift of Brazil, 3. — H. Louis. On the Copper 
Deposit at New Annan, 66. — W. H. M. Our Isle of W'ight Geological 
Trip, 77. ^ 

Scientific Nows. Vol. i. Nos. 1-5. 1887. 
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Shanghai. China Branch of the Royal Asiatic Society. •Tournal. 
N. S. Vol. xix. Part 2. 1880. 

. . . . Vol. XX. Nos. 5 & 0. 1885. 

, , . . Vol. xxi. Nos. 1—4. 1880 & 1887. 

Society of Arts. Journal. Nos. 1753-1779. 1886, 

. . Nos. 1780-1804. 1887. 

Society of Biblical Archceology. Proceedings. Vol. viii. 1886. 

Society of Medical Officers of Health. Transactions. Session 1885 
—86. 1880. Prese/nted hy W. Wliitciker^ Esq., F.G.S, 

W. Eassie. On the Waters derived from the Bagshot Beds, considered 
as Drinking Supplies, 122. 

Stettin. Verein fiir Erdkunde. Jahresboricht, 1880. 1887. 

Stockholm. Gcologiska Foreningen. Forhandlingar. Band viii. 
Hafto 5-7. 1880. 

O. Gunnelius. OeksS et hidrag till historikon iifver do geologiska 
undersokningarne i Sveriges fjalltm.kter, 'W.!. — 11. Sjiigren. Meddolande 
orn slamvulkaiierna i Baku, 4i (>. — .V. Sjrjgren. Mineralogiska in^iser, XI., 
430. — A. E. Tornchohiu. Karakteristik af hergartspror, insamlade af den 
svensika expeditionen till Griinlaiid ar 1883, 431. — A. E. Nordenskicild. 
MineralogisKa bidrag, 442. — Ilaiujius von Post. Knlgraiiit nn^d berg- 
beck, 45.3. — K. Pettersen. Notilser vedrdroiide den iiord-norske fjeldbyg- 
ning, 459. — M. ITiriakolf. Om ett fynd af qvicksilfverniahn i distriktet 
Baclimut, guvernementel Jekatori noslaw, 470. — Sjogren. Miueralo- 
giska notiser, Xir.,473. — A. llainberg. AuatavS oeh titanit pS rutil frfin 
apatit(brekonist(m vid Kragero, 475. — 1^. .7. IgeLstidin. ^linel*alogi^^ka 
meddelanden, IV. & V., 477. — M. WeibulL Oiu luanganapatit frSii Ves- 
tanS jemte nSgra anniarkningar iifver apatiteiis saiiiuiansattui ug, 492. — 
M. Weibull. Om 11 uocoriten frail (Isterby i Dalarne, 49(5. — (1. De (P^er. 
Om vindniitta stenar, 501. — T. Fegrtnus. Sands! ipadc stenar fran Gotwka 
Sandon, 514. — E. Svodmark. Smarro meddelanden, 519. 

. . . Band IX. Haftc 1-4 (1SS7). 1887. 

A. G. lliigbom. Om sekiilara liojiiingen vid Vestevbotteus ku.^^t, 19. — 
A. E. Nordenskioid. Miiuiralogiska bidrag, 20. — A. J.(/K*r(>ix. Mikro- 
skopisk undersiikning af thaumasit, 35. — T. Nordstriini. Sverige.s malui- 
och metall-produktion, 1885, 37. — O. GnmnRlins. Samling af iiuder- 
rattelser om jordstiitar i Sverige, 42.— -E. Erduiaiin. ( )iii eii djupborr- 
ning nied diamantborr fiir sokaiuh} eftor steiikolstillgangar i Schweiz, 58. 
— B. Santesson. Nickelmalmfyndigheten vid Kiid'va, (50. — A. G. Na- 
thor.st. Till fr^igan om de .skanska di.slokatioiiernas iildt'r, 74. — M Ber- 
trand. Thaumasitens optiska egim.skajier, 13 J. — hi. Svedinark. Smtirre 
meddelanden, II., 131. — A. Sjogren. Auteckniugar i praktisk g-er)gno.si, 
IV., 140. — G. Nordenstrom. (7ra anvandnirig af diamautborrma.skiner ftir 
malmfyndig-heters under.siikning, 151, — 0. W. Bloinstliand. Analys af 
cer- och ylterfosfater frSn siidra Norge, ett bidrag till fr^^gan om de.ssa 
mineraliers kemiska byggnad, 100. — E. Svedinark. OrograHska studier 
inom Roslagen, 188. — 11. von Post. Ytterligare om nickelmalmfyndi- 
gheten vid Klefva, 215, — A. G. Nathor.st. En ny teori om de svenska 
klippbackenas uppkomst, 221. — T. Nordstrom. Om utstrackningen af 
begreppet malm, 230. — O. A. Vrang. Fynd af svartmalm med starkt 
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utpraglad maprnetism, 243. — ^W. C. Brogger. Forelobig meddelelse om 
mineralerne do sydnorske augit- og nefclinsyeniters grovltornige gange, 
247. — J. Jdiisson. Ibdrag till kannedomen om vSra plastiska lerors an- 
vaudbarliet, "J76. — II. Keusch. Om systematisk indsamling af jord- 
skjielvsiagttagelser paa den akandinaviske halvd, 270. 

Stuttgart. Neues Jabrbuch fiir Mincralogie, Gcologie und Palaon- 
tologie, 1880. Band ii. Hefte 2 & 3. 1886." 

L. Langeinann. Beitriige zur Kenntniss der Mineralien Ilarmotom, 
Phillipsit, und Desmin, 83. — B. Stiirtz. Ueber paltcozoische Seesterne, 
142. — N. Andrnsaow. Ueber zwei neue l.«opodenformen aus neogenen 
Ablagerungeii, 165. — .T. v. Siemiradzki. Ueber Anortliitgesteine von S. 
Thomas (Antillen), 176. — K. von Chrustschoff. Ueber einen eigenthiim- 
lichen accessorisclien Gemengtbeil des Granitporphyrs von Beiicha und 
des Phonoliths von Olbviick, 180. — A. Kenngott. "Krystallgestalten des 
Fises : Formel des Manganostibiits, 184. — B. IJeclit. Ueber l^risraen, 
welche zur Bestimmung von Brechungsindices d arch Totalreflexion dienen 
Bollen, 186. — A. E. Ttirnebohm. Ueber das Vorkommen nephritartiger 
Gesteine in Schweden, 101. — E. Hang. Ueber die systematische Stellung 
der Gattung Zurvheria, llouv., 103. — ]<]. W. Benocke. TTeber eine 
Ophiure aus dem englischcm llhiit, 106. — O. Herrmann. Gletscherschliffe 
auf der nordsachsischon Grauwacke rechts der Elbe, bei I.iittechau zwi- 
schen G ro.s.senhain und Zamenz, 200. — S. Nikitin, lleber die Beziehun- 
gen z^vischell d('r russisehen und der Ave.steuropuisehen .luraforination, 
206. — A. von Kunen. Ue^ber neue Oystide«‘n ans den C^araduc-Schich- 
ten der Gogend von Montpellier, 240. — A. B. Meyer. Ein dem Nephrit 
mineralogiscli naheatelicndea Aktinolithge.stein aus d(‘r Byllshytte-Koin- 
pani-Grnbe in Dnlecarlien, 255. — A. Cathrein. Petrefactenfimde bei 
Brixlegg in Tii-ol, 267. 

. , 1887. Band i. Hefte 1-3. 1887. 

JNI. Bauer. Beitriige zur Mincralogie, V., 1 . — B. Brann.s. Zur Fra ge 
der optischen Anomalien, 47. — 0. Schmidt. Diabaspoiphj^rite und Me- 
laphyre vom Nordabhang der Schweizer Alpen, 68. — M. Neumayr. Ueber 
die Beziehung zwischen der russiscben und der westeuropaischen Jura- 
formation, 70. — A. Beutell. Ueber Prehnit von Slriegau iind Jordans- 
miibl in Schlesitrn, 80. — F. Sandberger. Weite Yin’breitung des .Tods in 
Phosphoriten, &c., 95. — A. Streng. Ueber die in den Graiiitoii von Ba- 
veno vorkommenden Miiierulien, 08. — G. Vom Bath. UtUer den Aus- 
bruch des Tarawera auf Neu-Seeland 10 .luni, 1880, 101. — F. Sandberger. 
Bemevkungen iiber den Silbergehalt des Glimmers aus dem (hieisse von 
Schapbach und des Aiigits ans dem Jliabaso von Andreasberg am Harz, 
111. — A. Cathrein. Ueber den Proterobas von Ijoogang, 113. — F. Bonier. 
Ueber H. v. Meyer’s Maf^iodon llnmholdtly Ouv. ?, aus Mexico, 114. — - 
A. Osann. Ueber Azorit und Pyrrhit, 1 15. — W. Dames. Entgegnung an 
Herrn Dr. Carl Diener, 110, — P. Choffat. Kreideablagerungen an der 
Westkuste von Siidafrika, 1 1 7. — C. Coben. Ueber Speckstein, Pseudophit 
nnd dichten INIuscovit aus Siid-Africa, 110. — L. Darapsky. lleber einige 
chilenische Alauue, 125. — B. Brauns. Uebt'r Winkel.schwankungen iso- 
troper und doppeltbrechender regularer Krvstalle, 138. — A. Cathrein. 
Beitriige zur Petrographie Tirols, 147. — F. Bdmer. Graptocarcinus ieoo- 
anns, ein Braehyure aus der oberen Kroide von Texas, 173. — B. Hiiiisler. 
Die Lageninen der schweizerischen Jura- und Kreideforraation, 177. — 
R. Ilausler. Bemerkungen iiber einige liasische Milioliden, 100. — O. 
Miigge. Ueber Gelenksandstein ” aus der Umgegend von Delhi, 195. 
— G. Vom Bath. Ueber Cristohalit vom Cerro S. Cristobal bei Pachuca, 
Mexico, 198. — C. Klein. Optische Untersuchung zweier Granatvorkom- 
men vom Harz, 200. — F. Graeff. Laavenit im brasilianischen EIsbo- 
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lithsyenit, 201. — II. Trautscliold. Ueber Olip^ociiii am Ostabbaug dos 
Ural, 20‘3. — K. von Chrustscholf. Ueber gelimgene Versucbe zur Uar- 
atellung des Qnarzes auf iiassem imd dea Tridyiiiita aiif tvofdveiiMiu \V<'ge, 
20o, — K. von ( dir list sell oH‘. Heweis fiir den urspningUeli liyalimnagina- 
tiselieii Ziistaiid gewissor ecliter Granite iind grauitartigin- Gesttdiir, 208. 
— J. (rdtz. Ueber Andaliisit aiis den krystallinen Seliii'l'ern von ^Ima- 
bastad, Transvaal, 21 1. — .1. Striiver. Ueber Gastaldit nnd ( Uaukopliaii, 
21d. — B. Ileeht. Ueber die Moditikation, welclie die Neigiing derCirenzo 
der To talrell exion bei Biniutzung der Wollaston’selien Methode dnr(*li 
den Austritt aus dem Prisma erleidet, 21<S. — C. Oeliseniiis. IMiosplior- 
sauregelialt des Natron salpeters, 221. — O. Klein. Htdeuclitnng und Zn- 
riickweisiing einiger gegon die Lehre von den <»ptiselieii Anoinalieii erlio- 
benen Kinwendungen, 22d. — P. Sandberger. Ueber einen neneii I’eb'ky- 
poden aus dem nassauiseben I^nterdevon, 247. — 11. B. Patten. Horn- 
blende, Oiigoklas, und Titanitaiis Drusenritumen im Scliriosboiraer Diorit, 
2G1. 

Stuttgart. Neues Jahrbucb fiir Mineralogio, Geologic und Paliion- 
tologic, 1887. Beilage-Band iv. Ilcft 3. 1880. 

H. Keiiscb. Ueber den Tysnesmeteorit und drei andere in Skandinavien 
niedergefallene Meteorateine, 473. — IT. Scbedtler. Experimentelle I Tnter- 
suchung liber das elektrisebo Verhalten des Turmalins, 610. — O. Miigge. 
Ueber einige Gesteiue des Massai-Landes, 676. — C. Itammelsberg. Ueber 
die Gruppe des Skapoliths, 010. 

Beilage-Band V. Heft 1. 1887. 

II. lleusch. Geologische Beobachtimgen in einem regionalraetanior- 
phosirten Gebiet am Ilardangertjord in Norwegen, 62. — \V. Voigt. Be- 
stimmung der Elasticitats-Constanten von Biuyll und Bergkry stall, 08. — 
J. Bosscha, jun. Ueber den Meteorit von Karang-Modjo oder Magetan 
auf Java, 120. — E. Cohen. Geognostisch-petrograpbische Skizzon aus 
Sud-Afrika, II., 106. 

. Palaeontographica. Band xxxii. Lief. 4-0. 1880. J*ur- 

chased. 

M. Blonckenborn. Dio fossile Flora des Buntsand steins und des Mns- 
chelkalks der Uingegend vou Commern, 117. — J. Waltbei’. Untersiioh- 
ungen iiber den Ban der Crinoideu mit besoiidorer Beriicksiehtigung der 
Formeii aus dem Solcnbofener Sebiefer und dem Kellieimer 1 Heeraskalk, 
166. — E. Itiefstabl. Die Sepieiiscbale und ihre Beziebung zu dim Beleni- 
niten, 201. — C). Koger. IHnotJirrium II. v. Meyer, 216. 

— E. Fraas. Die Asteiieu des Weissen Jura von Scliwaben und *14*anketi 
mit Untersutdumg iiber die Structure der Ecliinodernien und das Kalk- 
geriiste der Asterien, 227. 

. . Band xxxiii. Lief. 1-0. 1880. Purchased. 

A. Rotbpletz. Geologiscb-paliiontologiscbe IMonogi’apbie der Vilser 
Alpen, mit besonderer Beriicksirhiigung der BraiLiopodeu-Systematik, 
1. — J. Scbnialbausen. Ueber tertiiire Pflanzen aus dem Tbale des 
Flusses Buchtorma am Fusse des Altaigebirges, 181. — G. C. Laube und 
G. Bruder. Ammoniten der bohmischeii Kreide, 217. 

Swansea. South-Wales Institute of Engineers. Proceedino-s 
Vol. xiv. No. 6. 1880. ‘ 

Yol. XV. Nos. 1 & 2. 1880. 

H. Laporte. Notes on the Coalfields and Coal Industry in Belgium, 



ADDITIONS TO TIIE LIBRAKT. 


Sydney. Linnean Society of New South Wales. Proceedings. 
Vol. X. Part 4. 1886. 

F. Hatte. On some remarkable Crystals of Siderito, 758. 

Scr. 2. Vol. i. Parts 1-4. 1886-87 

F. W. ITiitton. Tlie IVIolliisca of the Paroora and Oamaru Systems 
of New Zealand, 205. — F. W. Hutton. Notes on some ^Vustralian Ter- 
tiary Fossils, 481. — ,1. Stirling. On some Further Fvideiices of Gla- 
ciation in the Australian Alps, 48^1. — W. Stephens. Notes on the Recent 
Eruxitious in the Taupo Zone, New Zealand, 5].‘l — W. St(‘p}iens. Note 
on a Laby^rinthodont Fossil from (Cockatoo Island, Port Jackson, 031. — 
F. Ratte. Notes on Australian Fossils, 1064. — W. J. Stex)hens. On 
the Riloela L<abyrinthodont, 1112. — W. J. Stephens. On some addi- 
tional Labyiinthodont Fossils from the Hawkesbury Sandstone of New 
South Wales, 1174. — J. Milchedl. Notes on the Geology of Bowning, 
N. S.W., 1192. 

. , Record of Proceedings, Oct. 31, 1885. 8vo. 1886? 

. Royal Society of New SouthWales. Journal and Proceedings 

for 1885. Vol. xix. 1886. 

II. C. Russel. Presidential Address, 1. — II. C. Russel. Local Varia- 
tions and Vibrations of the Earth's Surface, 51. — S. II. Cox. Notes on 
the Characters of the Adelong Reefs, 135. 

Tokio. College of Science, Imperial University, Japan. Journal. 
Vol. i. Part 1. 1886. 

B. Kot6. A Note on Glaucophane, 85. 

. . . Vol. i. Part 2. 1887. 

. Imperial University of Japan (Teikoku Daigaku). The Cal- 
endar for the Year 1886-87. 1886. 

. Seisraological Society of Japan. Transactions. Vol. ix. 

Parts 1 & 2. 1886. 

C. G. Knott. Earthquake Frequency,! (part 1). — John Milne. The 
Volcanoes of Japan, 1 (part 2). 

. ^ . . Vol. X. 1887. 

J. Milne. On a Seismic Survey made in Tokio in 1884 and 1885, 1. 
— J. Maegowan. Earthquakes in China, 37. — T. W. Kingsmill. Notes 
to accompany some Theorems in the Dynamics of Geology, 47. — Seikei 
Sekiya. Earthquake Observations of 1885 in Japan, 57. — Seikei Sekiya. 
Catalogue of 482 Earthquakes in 1885, 65, — Earthquake Catalogues for 
1881-85, 83. — Catalogue of Earthquakes (May 1885 to January 1887), 


Toronto. Canadian Institute. Proceedings. Series 3. Vol. iv. 

Fasc. 1. 1886. 

T. N. Dale. New England Upper Silurian, 60. — A. C. Lawson. 
Gneissic Foliation, 115. 

Toulouse, Societc d’Histoire Naturelle. Bulletin Trimestriel. 

19® Annee (1885). 1886. Sheets 15-22, concluding the vol. 

20® Annee (1886), Jan.-Dec. 1886. 

.1. Kiihn. Recherches sur les Ophites des Pyr6n5es, 16.3. 

VOL. XLIIl. 
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Turin. lieale Accademia dclle Scienze. Atti. Vol. xxi. Disp. Ji, 4. 
1886. 

. . . Yol. xxi. Disp. 6, 7. 1886. 

E. Mattirolo. Sulla Natrolite di Moutocatini, Val di Cocina, 848.— 
Sacco. Intorno ad alcune impronte org-aniclie dci terreni torziari del I'ic- 
monte, 927. 

. . . Vol. xxii. Disp. 1-11. 1887. 

G. Spezia. Sulla fusibilita dei minerali, 419. — F. Sacco. Studio geolo- 
gico del dintorni di Voltagg-io, (>13. 

IMemoric. Scrie 2. Tomo xxxvii. 1886. 

L. Bellardi. I Molliiscld dei terreni terziarii del Piemonte e della Li- 
guria, Parte iv., 3. — F. Sacco. Fauna lualacologica dclle alluvioni pliocen- 
icbe del IMemonte, KiO. — A. I'ortis. Catalogo descrittivo dei Talassoterii 
rinvenuti mu terreni terziarii del Pieniontt^ e della Liguria, 247. — A. de 
Gregorio. Fossili del Giura-Idas (Alpiniano, iJe Greg.) di Segan e di 
Valpore (Cima d’Asta e Monte Grappa), 451. — A. de Gregorio. Nota 
intorno a laluni fossili de Monte Erice di Sicilia del piano Alpinianio, De 
Greg. ( = Giura-Lia8 auctorum), e precisainente del sottorizzonte Grap- 
pino, De Greg., ecc., 665. 

. Osservatorio della Kcgia Universita. BoUettino. Anno 

20, 1885. 1886. 

University College Calendar, Session 1886-87. 1886. 

Victoria Institute. Journal of the Transactions. Yol. xx. ISTos. 
78-80. 1886-87. 

. . Vol. xxi. No. 81. 1887. 

E. Hull. Notes on some of the Kesults arrived at by Members of the 
Expt'dition sent out by the Committee of the Palestine Exploration Fund, 
in 1883-84, to Arabia Petrma and Western Palestine, 11. 

Vienna. Beitriige zur Paliiontologio Oesterreich-Ungams und 
des Orients. Bund v. Heft 3, 1886. Purchased. 

F. Wabner. Beitriige zur Kenntniss der tieferen Zonen des unteren 
Lias in den nordostlieben Alpeii, 37. — A. v. Allb. Ileber die Zusam- 
mengehorigkeit der den Fisc Iigatlun gen l^crasjus^ Cyathasim^ und Sca- 
phaspis zugescliriebenen Scbilder, 61. 

. Tvaiserliche Akademic der Wisscnschaften. Anzeiger 1886 

Nos. 1 5-27. 1 886. 

O. V. Ettingshausen. Beitriige zur Kenntniss der Tertiiitflora Austra- 
liens, 177. 

. . , 1887. Nos. 1-8. 1887. 

O. V, Ettingshausen. Beitriige zur Kenntniss der fossilen Flora Neu- 

seelands, 1. — ^M. Wilckens. Uober ein Fossiles Pferd Persiens, 42. F. 

Becke. Atzversuche am Pyiit, 45. 

. . Denksehriffcen. Band 1. 1885. 

Abtheilung I, 

C. V Ettingshausen. Die fossile Flora von Sagor in Krain 1. M. 

Neumayr. Die geographische Verbreitung der Juraformation, 67. 

Abtheilung II. 

F. Toiila. Geologiscbe Untersuchungen in der Grauwackenzone ” 
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der nordoatlic] u*n Alpen, 121. — G. Bruder. Die Fauna der Jura-Abla- 
geruufT von Holinstein in Saclisen, 238. — F. Toula und J. A. Kail. XJeber 
einen Krokodil-Schadel aus den Tertiiirablagomngen von Eggenberg in 
Niederdsterrcicli, 209. 

Vienna. Ivaiserliche Akademic der Wisscnschafteii. Sitzungs- 
berichte. Mathematisch-naturwissenscbaftlicbe Classe, 1884. 
Band xci. Heft 5 ( 1 885). 1885. 

. . — ■ — . , 1885. Band xcii. Hefbe 1-5 (1885), 

1 885 ^-80. 

O. Proliaska, Ueber den Basalt von Kollnitz ini Lavantthale und 
dcssen glasigo cordicritfiilirende JOinscliliissti, 20. — C. W. C. Fuchs. 
Htatistik der lOrdbeben \’oii lJS< >5-85, 215, — O. Diener. Die Structur des 
Jordanquellgebietcs, (333. — (J. Zaliallta. Ueber Isoraphinia iexta^ Horn, 
sp., und Scytalia pertnsaj lieuss sji., aus der Umgebung von Raudnitz a. 
E. in Bdlimen, 647. 

. . . . Band xciii. Ilcfte 1-3 (1886). 1886, 

G. Bruder. Neue Beitrage zur Kenntniss der Juraablagerungen im 
ndrdlichen Bdlimen, 193. 

. K.-k. Bergakadeniien zu Leoben und Pribram und der 

koniglicb-ungarischo Bergakademie zu Bchemiiitz. Berg- und 
Hiittonmannischea Jahrbuch. Band xxxiv. Ilefte 2-4. 1886. 
De Charcourtois, Ealleniand, und Chesneau. Ueber das Stiidium der 
Bewegungen der Erdrinde niit Rucksicht auf deren Bezieh ungen zum 
Auffcreten schlagondor Wetter, 298. 

Band xxxv. Heft 1. 1887. 

. K.-k, gcologische Rcichsanstalt. Abhandlungen. Band xii. 

ISTos. 1—4. 1886. (Kew vol. xii.) 

U. Tauseh. Ueber die Fauna der nicht inarinen Ablagerungen der 
oberen Kreide des Csingertliales bd Ajka im Balcony (I'eszprimer Comi- 
tat, Ungarn) und iiber eiiiige Conebylien der Gosaumergel von Aigen bei 
Salzburg, 1. — D. Stur. Beitrag zur Kenntniss der l^lora des KalktufFes 
und der KalktufF-Breccie von Hotting bei Innsbruck, 3.3. — M. Vacek. 
Ueber die Fauna der Oolitlie von Cap S. Vigilio, verbunden mit einer 
vStudie iiber die obere Liasgrenze, 57. — G. Geyer. Ueber die liasiseben 
Cephalopoden des Ilierlatz bei Hallstadt, 213. 

. . Jahrbucb, 1886. Band xxxvi. Hefte 2-4. 1886. 

J. Walther. Vulcaniscbe Straiidniarkeii, 295. — A. 11. Scbindler. Die 
Gegeiid zwiseben Sabzwar und Mesebhed in Ptu’sien, 303. — F. I^owl. 
Spalten^ und Vulcane, 315. — F. von Hauer. Bemerkuiig zu Dr. A. 
Brezina's Abhandlungen : Die Meteoriteiisammlung des k.-k. mineralo- 

f ischen Hof cabinets in Wien am 1 May, 1885, 326. — C. von .Tolm und 
[. B. von Foullon. Arbeiteii aus dem ekemiseben Uaboratorium der 
k.-k. geologisclien Reichsanstalt, 329, — F. Frecli. Ueber eiu neues Uias- 
vorkommen in den Stubaier Alpen, 355. — H. Zapalowicz. Eine geolo- 
gisebe Skizze des ostlichen Theiles der Pokutiscb-Marmaroschcr (3renz- 
karpathen, 361. — S. Polifka. Beitrag zur Kenntniss der Fauna des 
Schlern-Dolomites, 595. — H. Sjogren. Beitrage zur Kenntniss der Erz- 
lagerstatten von Moravica und Dognacska im Banat und Vergleichung 
derselben mit den scbwedischen Eisenerzlagerstatten, (507. — J. v. Siemi- 
radzki. Studien im polnischen Mittelgebirge, 669. — E, Tietze. Beitrage 

m 2 



142 


ADDITIONS TO THE LIBRARY. 


zur Geolome von Galizien, 081. — F. Toula. Geologische Notiz(*n axis dom 
Triestingtliale, 099. — F. Teller. Ueber porphyritische Eruptivgesteine 
aus den Tiroler Central-Alpen, 715. — II. v. Foullon. Ueber Porphyrite 
aus Tirob 747. 

Vienna. K.-k. geologische llcicbsanstalt. Vcrhandlnngon, 1880. 
Nos. 7-18. 1880. 

G. O. Uaube. Ueber bbhniiaclie Kreide-Aminoniten, 152.— J. Blaas. 
Ein Beitrajr zu den pseud oglacisxlen ” b’.rschcirjiiiigen, 155, — E. v. Moj- 
aisovics. Vorlage Werltes Ark ti sell e Triasfaunen,” 155. — F. Wtili- 
ner. Zur heteropiselien Dilierenzirung des alpinen I^ias, 108, 190. — J. N. 
Woldficli. Paliiontologiaclie Ileitrage, 17(k — L. v. Tanscli. Ueber die 
Beziehungen der Fauna der nicht-marinoii Kreidebildurigeii von Ajka 
im Bakony zu jeiier der Uarainiebildungon Nord-Anauakas, 180. — F. 
Toula. Mittelneoconi am Nordabbange des grossen Fldssxdberges bei 
Kaltenleut.geben, 189. — O. v. John. Ueber die Andesite von Kzegocina 
und Kainionna bei Boebnia in Westgalizien, 213. — IL Leebleitner. Die 
Kreide von Pbitzacb (Ladoi) auf dem Stamen wendjoebe bei Brixlegg, 
21 5. — K. F. Fraunscher. Geologiscbcs aus Egy^ilen, 21 (>. — K . von Obrust- 
sebotf. Mikrolitbologiscbe Mittheilungen, 230. — C. M. Paul. Aufnabms- 
beriebt aus der Gegend zwiseben Biolitz-Biala und Andrychaii, 239. — 
V. Ublig. Beiseberiebt aus der Gegend von Teseben und Saybuseb, 240. 
U. V. Tauseb. Iieiseb(‘ricdit aus Saybuseb, 241 .- .4. Bittner. Aus den 
Umgebungen von Wiiidischgarsten in Oberdsttu’reieb und Palfau in Ober- 
steierinarlt, 242. — G. Geyer. Ueber das Sengseiigebirge und deren ndrd- 
liebe Vorlagen, 247. — II. L(‘(*ldeitner. Zur Ilofangru])pe, 257. — II. Tjeeb- 
leitner. Das Sonnenwendjocbgebirge bei Brixlegg, 2(>1. — bk Palla. lle- 
eente Bildung von Markasit in Inkrustationen im Mtiore von jVlarienbad, 
2()0. — Ik Teller. Die siluriscben Ablagerungen d(ir Gst-Karawanken, 
2()7. — li. Sebarizer. Der erste d.stt^rreiebisclie JSJonazitfund, 28,3. — C. IM. 
i*aul. Aufnabmsbericlit aus der Gt^gtnid zwiseben Bitdilz und 'I't^sclien, 
284. — F. I’eller. Ein Zinnoberfubrender llorizont in den Silur-Ablager- 
ungtni d(‘r Karawanken, 285.- 0. v. (kimerlander. lieiseberiebt au.s 
Westseiilesien, 2J)4. — A. Oatbrein. Zur Glicalerung des rotben Sand- 
si eines, 307. — A. Piclib'r. Voin Sonnenwend joeli, 31 1 . — V. Ublig. Beise- 
beriebt aus der Karpatliensandstein-Zone SebJesiens, 315. — E. v. Tauseb. 
Keiseberiebt aus der Gegend von Saybuseb, 31 7. — Bonier. Ueber eiuen 
bemerkensweirtben Fund von tirauat-Krystallen auf der Dominsel in 
Breslau, 328. — F. Sandberger. Beinerkungen iiber fossile Concliylien 
aus dem Susswasserkalke von Le.obe^sdort, 331. — C. v. Camerlander. 
Boiseberiebt aus Westscblesien, 332. — M. Nemnayr. J uraablagerungen 
von Waidboftm an der Ybbs, 348, — E. Dtill. Geber eiuen Biesen- 
pegmatit bei I’isek, 351. — E. Doll. Ikvrit naeb Turnialin, eine neue 
Psoudoinoi’})bo.se, 355. — O. v. Camerlander. Ein Korundvorkonimem in 
nordwestlieben Scblesien, 350. — C. W. v. Giimbel. Kurze Bemerkung 
iiber die Nummulitenschiebten am Nordrande der Alpen, 307. — F. Tler- 
bieh. Ueber Kreidebildungen der siebenbiirgischen Osikarpatben, 308. — 
A. Bittnf‘r. Die neuesttui Wandlungen in den modernen Ansiebten liber 
Gebirgsbildung, 374. — D. Stiir. Vorlage des ersten fossilen Scbiidels von 
Ceratodus ans den obertriadischen Keingrabner Sebiefern von Polzberg 
iitirdlicb bei Uunz, 381. — D. Stur. Obercarbonisebe Pflanzenreste vom 
Bergbnn Beicbeuberg bei Assling in Gberkrain, 383. — G. Stacbe. Ueber 
das Alter von bobnerzflibrenden Ablagerungen am “ Monte Promina” in 
Dalmatien, 385. — A. Bittner. Neue Petrefactenfunde im Werfener 
Sebiefer der Nordostalpen, 387. — G. Bukowski. Mittbeilnng iiber eine 
neue .lodvjuelle in der miocanen B-andzone der Karpathen und iiber Algen- 
funde in d'in wasserfuhrenden Schichten. 391. — F. Sandberger. Die fos- 
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silen Biniien-Conchylien des Hornsteins vod Dukovan boi Oslawan iu 
Mahreii, 403. — F. Toula. Ueber ein neuea Vorkommen von Kalkes der 
sarmatischen Stiife am Thebener Kogal, 404. — F. Toula. Ueber das Vor- 
kommen von Congorien-schichten am Tlundsheirnerberge zwiscben Tlund- 
slieim und Hamburg, 405. — A. Ilzehak. Die Concliylienfauna des mari- 
nen Saiides von llebescliowitz in Mabren, 40(i. — J. N. Woldricb. Zur 
diluvial Fauna der Stramberger TTolden, 407. — A. M. Lomnieki. Dio 
tertiare Siisswasaerbildung in Ostgalizien, 412. — D. 8tur. Vorlage der 
von Dr. Wiilmer aus Persien mitgebracbten fossileu PHanzen, 4.31. — F. 
Tietze. Deitrage zur (leologie von Ualizien, 430. — V. Ilblig. Ueber ein 
Juravorkommen vom Berge Ilolikopetz bei Tvoritscban im nuibriscben 
IMarsegebirge, 4.30. — V. (loldschniidt. Ueber das spe(ufisebe Gewiebt von 
Mineralitai, 430. — A. BiUiier. Ueber die weitere Verbreitung der Reicb- 
cnbalb'ii Kalke in dtui nordiisi lichen Fiilkalpen, 445. — A. Hofmann. 
A^orUiufige Miltbeilung iiber neiiere l^’iinde von Saiigotbierresten von 
Gdriacli, 450. — J. N. Woldricb. Ueber das Vorkcmirnen einiger Mine- 
ralien in Siidbobmen, 45.3. — M. Vacek. Ueber die geologischen Verbiilt- 
niase des Flussgebietes der uiiieren Miirz, 4.5.5. — H. B. v. Foidlon. Ueber 
neu eingelangte Minerale, 404. 

Vienna. K.-k. goologische Rcicbanstalfc. Verbandlnngen, 1887. 
Nos. 1 -8. 1 887. 

F. Rdmer. Nacbtraglicheii Daten zu dem Granatenfunde auf der 
Doininsel, 42. — G. Giiricb. Fanscbliisse von gerollartiger Form aus Stein- 
koblenflotzen von OberscbU\sien, 4.3. — F. v. tSaiidberg(*r. Bcmierkungon 
zu d<ui ueueren Verbfrentlieliungmi liOmnicki’s iibc^r die tertiiirtMi Bracrk- 
und Slisswasserbildungeu Galiziens, 4*5. — A. Fielder. Zur Geologie der 
Kalkgebirge slidlicb von Innsbruck, 45. — G. C. Laube. Pinitfuhrender 
Grauitporpbyr von Raitzenhaiu, 47. — L. Teissoyre. Notiz iiber einige 
seltenere Ainrrioniten der Bojiner Oolitbe, 48. — F. Kraus. Ueber Do- 
Hnen, 54. — O. M. Paul. Geologische Karte der (legend zwiscben Andry- 
chau und Tesebeu, 0.3. — E. Tietze. Ueber recente Niveauvoriindcrungen 
auf der Insel Paros, 03. — 0. v. Canierlaiider. Zur Geologie dtis Granulit- 
gebietes von Praebatitz, 00. — ^E. Tietze. Noch ein Wort zu Dr. Diener’s 
Libanon, 77. — A. Bittner. Zur Verbreitung der Opponitzer Kalke in den 
nord.steiriscben und in den angrenzenden oberosterreiebiseben Kalkalpen, 
81. — A. Catbrein. XJeber Augitporpbyr von Pillersee, 86. — A. Rzebak. 
Die l^\)raminiferenfauna des griinen Oligocantbones von Nikoltscbitz in 
Mabren, 87. — A. Bittnt^r. Ans dem Gebiete der Ennstbaler Kalkalpen 
nnd des Hochschwab, 89. — G. O. Eaube. Notiz iiber eine eigenthiimbcbe 
Biegung des Muskowitgneisses auf der Ruine Hassenstein bei Kaaden, 
1.33. — A. Rzebak. Die Eoraminiferenfauna des blaiien Oligocantbones 
von Nikoltscbitz in Mabren, 13.3. — E. I’alla. Zur Frage der Palmennatur 
der CV//>cr^6'5-alinlicbeu Reste aus der IIdttin^er _Breccie, 130. — A. IVnck. 
Die Hdttinger Breccie, 140. — F. Teller. Die Aquivalente der dunklen 
Grtboceren-Elalke des Kok im Bereicbe der Silurbildungen der (3st--Kara- 
wanken, 145. — II. Sjogren. Ueber die petrograpbisebe Besebaffenbeit 
des eruptiven Schlammes von den Scblammvulcanen der Kaspisoben 
Region, 105. — D. 8tur. Auaspracbe an die geebrten Anwesenden aus 
Veranlassung der gliicklicben Riickkebr des CoUegen Herm Prof. Dr. O. 
Lenz von seiner dritten Afrikareise, 170. — D. Star. Vorlage der Oala- 
marien der Carbon-Flora der Scbatzlarer Scbichton, 171. — II. B. v. Foul- 
Ion. Ueber die Zusammensetzung einer acceasorischen Bestand masse 
aus dem Piseker Riesenpegmatit, 1.50. — M. Vacek. Ueber einige Pachy- 
dermenreste aus den Lbmiten von Kentscbacb in Kiimten, 150. — V.Uhlig. 
Ueber Neocom vom (5ardenazza-Stock in Sudtirol, 150. — O. v. Camer- 
lander. Aus dem Granitgebiete von Friedeberg in Schlesien, 157. — F 
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Becke und M. Schuster. Geologiache Beobachtungen im Altvatergebii^e, 
109. — M. Vacek. Ueber neue Funde von Mastodon aus den Alpen, 1 JO. 
— C. von Camerlander. Vorlage von Mittheilungen Ilerrn Dr. ^ IT. 
Sjogren’s iiber das transkaspisclie Naphtagebiet, 1 23. — G. Goyer. Jit riclit 
iiber die geologischen Aufnahriien auf deni Blatle Kircbdorf in Obei uster- 
reich, 124. — C. J. Wagner. Ueber die Wiirnie verb alt nisso in der ( )st- 
halfto des Arlbergtunnels, T85. — F. Wahner. Th^ber die strati graph isobo 
Beziehungen des Alpen-Lias zuin Daebsteinkalk, 18(>. — L. v. Tauscb. 
Finiges iiber die Fauna der graiien Kalke der Siidalpen, J87. 

Vienna. K.-k, naturhistorischo ITofmnseuras. Annalen. Band i. 
Nos. 3-4. 1880. 

A. Gehmaeher. Goldsand mil Demantoid vom alten Fkbatana und 
Ramadan, 233. — K. Kdcblin. Ueber ein neues hliiklas-Vorkoinnien uus 
den dsterreichiscben Tauern, 237. 

. . . Band ii Nos. 1 & 2. 1887. 

F. Pergens. Pliocane Bryozoen von Ilbodos, 1. — N. Andrussou.^ Fine 
fossile A.cetaJnilm'ia als gesteinbildender Organismus, 77. — B. Kdcblin. 
Ueber Phosgenit und ein muthmasslicli neues Mineral vom Uaurion, 185. 

. Mineralogische und i)etrographischc Mittheilungen. N. F- 

Band vii. Heft 0. 188G. Piirvlmsed. 

B. Boss. Die basaltischen Laven und TulFe der Provinz Hauran und 
vom Diret-et Tuldl in Syrien, 401. — C. Ddlter. Syntheso und Zusam- 
mensetzung des Pyrrhotin, 535. 

. . . Band viii. Hefte 1—5. 1880-80. Pur- 
chased. 

C. Klement. Analysen einiger Mineralien und Gesteine aus Belgicn, 1. 
— C. Fuchs. Die vulcanischcn Ercignisse des Jabres 1885,21 Jahres- 
bericht, 28. — ^F. Figel. Ueber einige trachytische Gesteine von der Insel 
San Pietro, 62. — F. Figel. Ueber einige Eruptivgesteiiie der Pontinis- 
chen, 73. — 0. yon Vogdt. Diabasporphvrit aus der Ungegend der Stadt 
Petrosawodsk im Plonetzer Gouvernement, 101. — B. Mieriscb. Die Aiis- 
wurfsbldcke des Monte. Somma, 113. — Jl. Wnlf. Heitrag zur I\‘trog^ra- 
phie des ITererolaudi‘S in Siidwest- Africa, 193. — F, Becke. Atzversucbo 
am Pyrit, 232. — A. t-athri'in. TTeber Cdiloritoidscbiefer von Grossarl, 331. 
— H.'Wicbmann. Brookit voi Scbwarzko})f, .338. — F. Ludwig und G. 
Tscbemiak. Der Meteorit von Angra dos lleis, 341. — L. ITubbard. 
Beitragc zur Keimtniss der Noscaji-fubrendeu Auswiirflinge des Laacher 
Sees, 350. — A. Catbrein. Beitriige zur xMineralogie Tirol's, 400. 

. Kaiserlicli-kdnigliclie zoologisch-botanische Gesellschaft. 

Verhandlnngoii. Band xxxvi. Quartal 1-4. 1880. 

O. Stapf. Die Pflanzenreste des TlallsUitter Ileidengebirges, 407. 

W arwick. 'W arwickshire N aturalist s’ and Archaeologists’ Field Club. 
Proceedings, 1 885. 1 880. 

P. B. Brodie. On a recent Discovery of Annulose vVniiiials (Blatta and 
a Scorpion) in British and Foreign Upper and Middle Silurian Hocks 
18. — P. B. Brodie. On the hint Boring near London, and its results, 22.* 

Washington. Smithsonian Institution. Annual Keport for the 
year 1884. Parts 1 & 2. 1885. 

Bureau of Ethnology. Fourth Annual Benort, 1882-83. 
4to. Washington. 1880. 
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Wellington, N. Z. New-Zealand Institute. Transactions and Pro- 
cecdings, 1885. Vol. xviii. 188G. 

S. W. Baker. A Description of the New Volcano in the Friendly 
Islands, near Tongatahu, 41. — T. J. Parker. Notes on a Skeleton of 
Nofornis, 78. — F. W. Hutton. On the Geology of Scinde Island, 327. — 
F. AV. Hutton. Nt^w Species of Tertiary Shells, 333. — F. W. llutton. 
Th(' Wangimui System, 330. — A. McKa 3 ^ On the Age of the Napier 
Himevstone, 307. — W. Skey. On a new Mineral (Awaruite) from Barn 
Bay, 401. — W. S. Hamilton. On Platinum Crystals in the Ironsands of 
Orepuki Goldfields, 402. 

. . . Index, A"ols. i.— xvii. 1880. 

Wiesbaden. Nassauische Vereins fur Naturkunde. Jahrbiicher. 
Jahrgang xxxix. 1880. 

R. Fresenius. Neue chemische Untersuchung des Kochbruunfms zu 
Wiesbaden, 1. — H. Freseiiius. Chemische Untersuchung der Schiitzen- 
hof-Quelle zu Wiesbaden, 21. — F. Kinkelin. Zur Geologic der unteren 
Wetterau und des unteren Mainthales, 55. 

Winchester. Natural History Society. Geological Section. Geolo- 
gical Notes. 1886. (12mo.) Presented by E, Westlake^ Esq., 
E.G.S. 

York. Yorkshire Philosophical Society. Annual Report for 1886. 
1887. 

H. M. Platnauer. On the Occurrence of Strophodus Jtigauxi (Sauv.) 
in the Yorkshire Cornbrash, 36. 

Zoological Society. Proceedings, 1886. Parts 1-4. 1887. 

A. Smith Woodward. On the Anatomy and Systematic Position of 
the Liassic Selachian, Squaloraja polyspondyla, Agassiz, 527. — A. S. 
Woodward. On the Relations of the Mandibular and Hyoid Arches in a 
Cretaceous Shark {Ilyhodiis duhrisiensiSj Mackie), 218. 

. Transactions. Yol. xiL Parts 3-6. 18S6— 87. 

F. T. Newton. On the Remains of a Gigantic Species of Bird (^Gast- 
ornits Klaassrnii^ n. sp.) from the Ijower Focene Beds near Croydon, 143. 
— J. von llaast. On Megalopieryx Hertori, a new Gigantic Species of 
vVpterygian Bird, 161 . — J. von llaast. On iJinornis Oivenij a new Species 
of Dinornithida3, with some remarks on E. curtus, 171. 

. Rei)ort of the Council for the ITcar 1886. 1887. 


2 . Books. 

Names of Donm'S hi Italics. 

Abel, Sir FredericV. The AVork of the Imj)erial Institute. 8vo. 
London, 1887. 

Adamson^ S. A., and A. Harher. Bibliography of the Geology and 
Palaeontology of the North of England, 1885. 8vo. 1886. 

The Hitchingstone, Keighley Moor. 8vo. Birmingham, 

18S6. 
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Albrecht, P, Anatomische Schriftcn des Professors Dr. P. Albrecht. 
8vo. Hamburg, 1886. 

. Mittheilungen zur 59 Versammlung deutscher Naturforsc her 

uud Arzte zu Berlin. Aus der Sektioii fiir Anatomic. 8vo. 
1886. 

. Ueber den morphologischen Werth iiberzahliger P'inger nnd 

Zehen. 8vo. 1886. 

. . Ueber die cetoide Natur dor Promararaalia. 8vo. J etia, 1886. 

Ueber die morphologische Bedcutung der Penischisis, Epi- 
und Hypospadie des Menschen. 8vo. 1886. 

. Ueber cine in zwei Zipfel auslaufende rechtsscitige Vorderfloss 

bei cinem Examplare von Protopterus annectens, Gw. 8vo. Ber- 
lin, 1886. 

. Verliiuft der Nervenstrom in nicht geschlossener, oder 

geschlossener Strombahn, nnd wie gelangt er, wenn letzteres der 
Eall ist, zum Sitze der elektromotorischen Kraft zuriiok ? 8vo. 
Erlangen, 1887. 

. Zur Diskussion der die Hasenscharten und schr^en Gesichts- 

spalten betreffenden Vortrage der Herren Bisudi uud Morian. 
8vo. 1886. 

Alsace-Lorraine. Geologische Specialkarte von Elsass Lothringon. 
Abhandlungen. Band iv. Heft 3. 8vo. Strassburg, 1887. 
Purchased. 

Argentine Republic. Informe oficiale dc la Comision Cientifica 
agregada al Estado Mayor General de la Expedicion al Rio IJIcgro 
(Patagonia) Rcalizada en los meses de Abril, Mayo y Junio de 
1879, bajo las ordenes del General D. Julio A. Roca. Entrega 1. 
Zoologia. 4to. Buenos Aires, 1881. Presented by the Academic 
Nationale des Sciences rcsidar ’ a Cordoba. 

. . Entrega II. Botanica. 4to. Buenos Aires, 1881. 

. . Entrega III. Geologia. 4to. Buenos Aires, 1882. 

. Censo General de la Provincia de Buenos Aires ; Demogra- 

fico, Agn'cola, Industrial, Comercial, &c., vcrificado el 9 de Octubre 
de 1881 bajo la administracion del Doctor Don Dardo Rocha. 4to. 
Buenos Aires, 1883. 

. Sistema di Medidas y Pesas do la Republica Argentina. 8vo. 

Buenos Aires, 1881. 

. Ferro-carril Central del Norte. Itamal a la Rioja y Cata- 

marca. 8eccion Primera. Dc la estacion recreo (E.C.C.N.) 
Chumbicha. Inform e General del proyccto con las especificaciones, 
analisis de precios y documentos justificativos presentado al Minis- 
tc^rio del Interior por el Dci>artamento de Ingenieros civilos de la 
Nacion. 8vo. Buenos Aires, 1883. 
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Army Mediccd Department, lleport for the year 1884. Vol. xxvi. 
8vo. London, 1880. 

Athinson^ K, T. Annual Address to the Asiatic Society, Calcuttta, 
February 2, 1887. 8vo. Calcutta, 1887. 

Atkinson, AV. C. A Historical and Statistical Account of New 
Brunswick, IkN.A., with advice to Emif^^rants. 3rd edition. 8vo. 
Edinburgh, 1844. Presented hy IF. Whitaker, Ps(/,, P.G.S, 

Bagot, A. Accidents in Mines ; their Causes and Prevention. 8vo.^ 
London, 1878. Presented by W, S, Dallas, Esq., F.L.S. 

Baryaqli, P. Un nuovo lavoro del Socio sig. Herbert Goss “ I)i 
alcuni insetti scoperti recentomente in roccie carbonifere e silu- 
riane.’' 8vo. Elorenco, 1886. 

Barrois, C. Observations sur la constitution geologique de la Bre- 
tagne. (2*= article.) 8vo. Lille, 1884. 

. Note preliminaire sur les schistes a staurotide du Finistere. 

8vo. Lille, 1884. 

. Sur la Faune de Hout-de-Ver (Haute- Garonne). 8vo. 

Lille, 1886. 

. Note sur la structure stratigraphique des Montagnes du 

Menez (C6tes-du-Nord). 8vo. Lille, 1885. 

. Sur les Tremblements de Terre de I’Andalousie. 8vo. 

Lille, 1885. 

. Memoire sur le calcaire a polypiers des Cabrieres (Herault). 

8vo. Lille, 1886. 

. Note sur le Kerzanton de la Bade de Brest. 8vo. Lille, 

1887. 

Bayonne Bar. Instruction pour aller chercher la Barre de Bayonne, 
entrer dans la riviere ou mouiller dans les environs, par Bougret 
de la Grye. 8vo. Paris, 1886. Presented hy the Depot de la 
Marine. 

Beinert, C. C. Her Meteorit von Braunau am 14 Juli 1847. 8vo. 
Breslau, 1847. Presented hy the Iloyal Society. 

Bell, H. G. Selections of the most remarkable Phenomena of 
Nature. 12mo. Edinburgh, 1887. Presented hy W. Whitaker, 
Esq., F.G.S. 

Bonney, T. G. Address to the Mineralogical Section of the British 
Association, 1886. 8vo. London, 1886. 

. Address to the Mineralogical Society, 1885. 8vo. London, 

1886. 

. On a Glaucophane-Eclogite from the Val d’Aoste. 8vo. 

London, 1886. 

Boulger, G. S. On the Connection in Time of Changes in Fossil 
Floras with those of Faunas. 8vo. Ijondon, 1887. 
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British Musetim (Natural History). A Guide to the Exhibition 
Galleries of the Department of Geology and Palseontology. 4th 
edition. 8vo. London, 1886. Presented hy the Trustees. 

• . . . Presented hy Dr. H. W^oodward, 

F.R.S., V.P.G.S. 

. Catalogue of the Blastoidea in the Geological Department, 

hy D. Etheridge, jun., and P. H. Carpenter. 4to. London, 1886. 
Presented hy the Trustees. 

. Catalogue of the Fossil Mammalia. Part IV., containing 

the Order Xlnguiata, Suborder Proboscidea. By B. Lydekker. 
8vo. London, 1 886. Presented by the Trustees, 

Brodie., P. B. On a recent Discovery of Annuloso Animals {Blatta 
and a Scorpion) in British and Foreign U 2 )jjer and Aliddlc Silurian 
Bocks. 8vo. Warwick, 1886. 

. On the last Boring near Ijondon and its Kesults. 8vo. 

Warwick, 1886. 

Brought B. II. Use of the Magnetic Needle in cx})loring for Iron- 
Ore. 8vo. Loudon, 1887. 

Brown, J. A. Sketch of the Geology of Ealing, with Evidences of 
Glacial Deposit. 8vo. London, 1884. Brese)ited bn TU. Whitalcer. 
Esq., F.G.S. 

Bruckner, E. Die Verglotschcrung des Salzachgebictes nebst Beo- 
bachtungon iiber die Eiszeit in der Schweiz. 8vo. Vienna, 1886. 
Purchased. 

Buckler, W. See Ray Society. 

Buda-Pcst. Allgemeine Landes-Ausstcllung, 1885. S])ecial-Ivatalog 
dor Vlten Gru])pc fiir Bergbau, Huttenweseii und Geologic. 8vo. 
Budapest, 1885. Presented' by the Facheoin^nission der Fjten 
Grnjype through the Hungarian Geological Institute. 

Cedifornian State Mining Buruiu. Sixth Annual Boport. Parts 1 
& 2, for the year 1886. 8vo. Sacramento, 1886-87. 

Gallon, J. Lectures on Mining, delivered at the School of Mines, 
Paris. Translated at the Author’s reejuest, by C. Lc Neve Foster 
and W^. Galloway. Vol. iii. 8vo. London, 1886. Purchased. 

Canada. Colonial and Indian Exhibition, London, 1886. Descrip- 
tive Catalogue of a Collection of Economic Minei-als of Canada, 
by the Geological Corps, A. R. C. Sehvyn, Director. 8vo. Lon- 
don, 1886. 

. Geological and Natural-History Survey. Beport. New 

Series, Vol. i. 1885. 8vo. Montreal, 1886. 

Cape of Good Hope. Beport on a supposed extensive deposit of 
Coal underlying the Central Districts of the Colony, by E. J. 
Dunn. 4to. Cape Town, 1886. Presented hy tlw Secretary of 
State for the Colonies, 
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Carif^ana^ A, A. Becent further Excavations of the Megalithic An- 
tiquities of “ Hagiar-Kim,” Malta, executed in the year 1885. 
Obi. fol. Malta, 188G. 

Carthaus, E. Mittheiluugen iiber die Triasformation im nordbst- 
lichen Westfalen und in cinigen aiigriinzenden Gebieten. 8vo. 
WUrzburg, 1886. Parchcised. 

Caft'pary, li. Einigc ncuc Pllanzenreste au3 dein samliindischen 
Jiernstein. 4to. Konigsberg in Pr., 188(). 

Oaslillo^ A. dcl^ y M. Bdrcena. El Horubre del Pehon. 8vo. 
Mexico, 1885. 

Challenger. ]le])(>rts on the Scdentific ItesuJts of the Voyage of 
H.M.8. ‘Challengin’’ during the years 187^1 76. Botany. Vol. ii. 
4to. London, 1886. Pre^cnlcd hy 11. AI. Tratsunj, 

. . Zoology. Vol. XV. 4to. Loudon, 1886. Pre- 

sented by II. M. Treasury, 

• . . . Vol. xvi. 4to. London, 1886. Presented 

by II. M, Treasury. 

. . , Vol. xvii. 4to. London, 1 886. Presented 

by II. M. Treasury. 

. . . Vol. xviii. I*arts 1 & 2, and plates. 4to. 

London, 1887. Presented by II.JSI. Treasury. 

. . . Vol. xix. 4to. London, 1887. Presented 

by H.M. Treasury. 

Chaper., — . Note sur une Pegmatite diamantifere do rilindoustan. 
8vo. Paris, 1886. 

Chaubard, L. A. Elements de Geologic mis a la ijortee de tout 
le mond(\ 2** edii ion. 8vo. Paris, 1838. Presented by H. 
Bauerrnan, Esq., E.d.S. 

Chevreul, Centenaire de M., 31 Aout, 188(). Discours prononces 
ii\i Maseuyn d'IJistoire JSaturelle. 41, o. Paris, 1886. 

Cialdi, A. Sul moto ondoso del marc c su le correnti di esso. 2*^ 
ediiion. Svo. London, 1866. Presented by the Royal Society. 

Clay pole, E. W . Buffalo and Chicago, or “ What might have been.” 
8vo. Salem, 1886. 

Close, M. H. The Geology of the Neighbourhood of Dublin, as 
affecting its Sanitary Conditions. Svo. London, 1884. Pre- 
sented by IE. Whitaker, Esq., P.O.S. 

Cocco, L. Bisposta alle osservazioni di Luigi F. Sehopen fatte circa 
le opinion! del Prof. Seyuenza sul Lias superiore dei dintorni di 
Taormina, 1886. Svo. Messina, 1886. 
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Cockburn, W. A Letter to Professor Auckland concerning the 
Origin of the World. 8vo. London, 1838. ParcJiased. 

. A new System of Geolog}^ ; dedicated to Professor Sedgwick. 

8vo. London, 1849. J*uridtased. 

Cole, E. M. Notes on the Geology of the Hull, Barnsley, and W^cst 
Hiding Junction Hailway and Dock. 8vo. Hull, 1886. Pre- 
sentcd hy G, Bohn, Esq. 

Conwentz, II. Hobcr cin tcrtiares Vorkommen cj'pressenartiger 
Hulzcr bei Calistoga in Californien. 8vo. Stuttgart, 1878. 

. Bericht iibcr die Durchforschung der Provinz Westproussen 

in naturhistorischcr, archaologischor und ethnologischer Bezie- 
hung Sciteiis des Westijreussischon Provinzial -Museums und der 
vom Provinzial- Jjandtage subventionirten Vcreinc wiihrend der 
ersten sechsjiihrigcn Etatsperiode der Yerwaltung des West- 
preussischen Provinzial -Verbandes. 8vo. Danzig, 1884. 

. Heinrich Hobert Goppert, sein Lcben und Wirkcii. 8vo. 

Danzig, 1815. 

Sobre Algunos arboles fdsiles del Hio Negro. 8vo. Buenos 
Aires, 1885. 

, HcrstcUung mikroskopischer Praparatc von fossilen Pflanzen. 

8vo. Danzig ?, 1 8 — . 

. See Goppert, H. H. 

Cope, E. D, The Vertebrata of the Swift Current Creek Hegion of 
the Cypress Hills. 8vo. Montreal, 1885. 

. On two new Species of Tbree-toed Horses from the Upper 

Miocene, with Notes on the Fauna of the Tkholej)tits-hed^. 8vo. 
Salem, 1886. 

. Schlosser on Creodonta and Phenacodns. 8vo. Salem, 

1886. 

. Schlosser on the Phytogeny of the Ungulate Mammalia. 

8vo. Salem, 1886. 

. Systematic Catalogue of Species of Vertebrata found in the 

Beds of the Permian Epoch in North America, with Notes and 
descriptions. 4to. Philadelphia, 188f). 

. The Phylogeny of the Camelidae. 8vo. Salem, 1886. 

Cotta, B. von. Goologische Bilder, 6® Auflage. 8vo. Leipzig, 
1876. Purchased. 

Cotteau, G. Paleontologie Fran^iis. I*" Serie. Animaux Inver- 
tebres. Terrains Tertiaircs. Eocene, Echinidos. Tome i. 
Feuilles 1—11. 8vo. Paris, 1885-86. 

. Echinides nouveaux on peu connus. (4® article.) 8vo. Paris, 

1885. 

Sur les Echinides des calcaires do Stramberg. 4to. Paris, 

1884. 
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Cotteau^ O. Considerations gendrales sur les Echinides du terrain 
jiirassique de la Erance. 4to. Paris, 1885. 

. Sur les Echinides eocenes de la famillo des Spatangideos. 

4to. Paris, 1880. 

. La paloontologic on 1885. 8vo. Paris, 1885. 

. La Geologie an Congres Scicntifique de Grenoble in 1885 

ct Conipte-rondu du Congres. 8vo. Auxerre, 1880. 

Pch'on et Gauthier. Echinides fossiles de I’Algerie. Ease. 9, 
Etage Eocene. 8vo. Paris, 1885. 

Crane ^ A<jnes. On a Erachiopod of the Genus Atretia^ named in MS. 
by the late Dr. T. Davidson. 8vo. London, 1880. 

Credm r, H. Die Stegocephalen aus dem Itothliegendon das Plauen’- 
schen Griindes bei Dresden. 8vo. Eerlin, 1880. 

. Elemcnte der Geologie. 0*^ Autiage. 8vo. Leipzig, 1887. 

Crosslcey^ H. JV. Note on the Glacial Geology of the district around 
Loch Sween, Argyllshire. 8vo. Birmingham, 1880. 

Cuvier^ F. De I’Histoire Naturclle des Cetaces ou recueil et examen 
des faits dont so compose Thistoire naturelle de ces animaux. 
8 to. Paris, 18E6. Preserited hy the lioyal Society. 

Dacfincourt, — . Annuaire Geologique Universol. Tome ii. 8vo. 
Paris, 1880. 

Dallas., James. Professor John Morris, M.A., E.G.S. 81ii>. Exeter, 
1880. 

Dana, J. D, A dissected Volcanic Mountain ; some of its revela- 
tions. 8vo. New Haven, 1 880. 

. Berkshire Geology (TJ.S.A.). 8vo. Pittsfield, Mass., 1886. 

. On some general terms applied to Metamorphism, and to the 

Porphyritic Structure of Rocks. 8vo. New Haven, 1880. 

. On Volcanic Eruptions of Barren Island, Vesuvius, and 

Kilauea. 8vo. New Haven, 1880. 

. Volcanic Action. 8vo. New Haven, 1887. (8ec Emerson, 

J. 8., &c., on Kilauea). 

Dawson, G. M. Note on the Occurrence of Jade in British Columbia, 
and its Employment by the Natives. 8vo. Montreal, 1887. 

. Notes to accom])any a Geologiciil Maj) of the northern por- 
tion of the Dominion of Canada, east of the Rocky Mountains. 
8vo. Montreal, 1887. 

. On certain Borings in Manitoba and the North-west Terri- 
tory. 4to. Montreal, 1887. 

. On the Canadian Rocky Mountains, with special reference 

to that part of the Range bctweeji the forty-ninth Parallel and 
tlie Head -waters of the Red Deer River. 8vo. Montreal, 1886. 
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Dawson^ Sir J» W. Address to the British Association for the Ad- 
vancement of Science, 1886. 8vo. London, 1880, 

. On B-hizocarps in the Erian (Devonian) Period in America. 
8vo. Chicago, 1886. 


. On the Fossil Plants of the Laramie Formation of Canada. 
4to, Montreal, 1 886. 

Dewalque, G. Discours prononee au nora de I’Academie Koyale de 
Belgique lors des FuneraiJles de M. F. L. Cornet. 8vo. Brus- 
sels, 1886. 


DieJe^ TF. LT. I he famous Mount Morgan Gold Mine, Bockbampton, 
Queensland, its History, Geological J^ormation, and Prosjiocts. 
8vo. llockhampton, 1887. 

!Notes on the Geology of JS^orthern (■alifornia. Svo. 
Washington, 1886. 


. The latest Volcanic Eruption in Northern California and its 
peculiar Lava. 8vo. New Haven. 1887. 

J^ow^er G J Beid, and J. IMarten. Observations on Bomnev 
Marsh and Lydd Beach, with an account of a Botanical Bamble 
trom Appledore to Lydd and Dungeness Point. Hvo. Canter- 
bury, 1808. 


Dresscl, L. 
Plrlautert. 


Dio Uaealtbilduiif? it. ihioii tsinzelneii nmstiiriden 
4to. Haarlem, 1 8()(>, 


Duncan^ 1*. M, On the Astroc<niii(v of the Siitton 
Deposits of the Infra-Lias of Soutli M^ales 
1886. * 


8tone and other 
8vo. London, 


On tho Structure and Olassificutory Position of some Ifadro- 
•la foom the Secondary Strata of England and South Wales. 


poraria 

8vo. London, 1886. 

Dupont, E, 8ur le Famoniiien d' 
Brussels, 1886. 


la Plaine des Pkignes. Svo. 


Eley, H. Geology in the Garden 
Pebbles. Svo. London, 1859. 


; or the Fossils in the Flint 
Purchased, 


Emerson, J. B., L. L. Van Slyke, and F. 8. Dod«»-c 
the eruption of March. 1886. 8vo. New Haven 
smiUd hy Prof. J. D. Dana, F.M.G.S 


Kilauea 

1887. 


after 

Pre- 


Encyclopaedia Britaimica. 9th edition. 
4to. Edinburgh, 1886. Purchased. 


Vol. xxi. Bot— 8ia. 


Purchased. 


Tol. xxii. Sib-Szo. 4to. Edinburgh, 1887. 


Encyclopaedic Dictionary. Vol. v. Pt 2 l>nv/» 
Ix)ndon, 1886. Presented hy the Bev. B. Hunter, F.G.S. 


4to. 
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Encyclopsedic Dictionary. VoL vi. pt. 1. Qnoi-Shipp. 4to. 
London, 1887. Presented hy the Rev. R. Hunter, F.G.S. 

England and Wales. Geological Survey. Memoirs. Vol. iv. 
The Geology of the London Basin. By W. Whitaker. 8vo. 
London, 1872. Purchased. 

Ettingshausen, 0. von. Die fossile Flora von Sagor in Krain. Theil 
III. und Schluss. 4to. Vienna, 1885. 

. Beitrage znr Kenntniss der Tertiarflora Australiens. Zweite 

Folge. 4fco. Vienna, 1886. 

Falsan, A. Notice sur la geologie et la mineralogie du Canton 
d’Hyeres (Var). 8vo. Lyons, 1863. Purchased. 

Favre, E. Kevuo Gc'ologiquc Huisse jjour raiinee 1885. xvi. 8vo. 
Geneva, 1886. 

Finistere. List of works on the Geolog v'^ of. 4to. 1886. Pre-- 
scnted hy Prof. T. G. Bonney, D.Sc., F.R.S., F.G.S. 

Fisher, O. On the Variations of Gravity at certain Stations of the 
Indian Arc of the Meridian in Relation to tlicir Bearing uix)n 
the Constitution of the Earth^s Crust. 8vo. Loudon, 1886. 

. An Attempt to explain certain Geological Phenomena by 

the application to a Liquid Substratum of Henry’s Law of the 
Absorption of Gases. 8vo. Cambridge, 1887. 

On the Amount of the Elevations attributable to Compres- 
sion through the Contraction during Cooling of a Solid Earth. 
8vo. London, 1887. 

Ileming, J. The Lithology of Edinburgh. Edited with a memoir 
by the Rev. John Duns. 8vo. Edinburgh, 1856. Purchased. 

Frazer, P. General Notes on the Geology of York County, Penn- 
sylvania. 8vo. Philadelphia, 1886. 

Freieslebon, J. C. Mngazin fiir dio Oryktographie von Sachsen. 
Hefte 1—1). 8vo. Freyberg, 1828-36. Purchased. 

Erie, A. Fiihrer durch dio geologischen Samndungen im Museum 
des Konigreiches Bdhmen in Prag. 8vo. Prag, 1881. Purchased. 

Friedldnder, R., und Sohn. Bibliotheca historico-naturalis et 
Mathematica. Lager-Catalog. 8vo. Berlin, 1886. 

Gaudry, A. La Grottc de Montgaudier. 4to. Paris, 1886. 

. Lo petit Ursus spelanis de Gargas. 4to. Paris, 1887. 

. Sur un bois de Rennc, ornd do gravures, que M. Eugene 

Paignon a decouvert a Montgaudier. 4to. Paris, 1886. 

Sur un nouveau genre de Reptile trouve dans Ic Permien 
d’Autun. 8vo. Paris, 1886. 

Geinitz, H, B. Zur Dyas in Hessen. 8vo. Cassel, 1886. 
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Gemmellaro, G. G. Sopra alcune 
SicOia. Text and plates 4to. 


faune Giuresi e Liasiche della 
Palermo, 1 872-82. Purchasid. 


Geyler, T., und F. Kinkelin. Oberpliocan-Flora aus den l^iigruben 
des Klarbeckens bei Neiderrad und der Schleuse bei Hochst a. 
M. 4to. Frankfort-a.-M., 1887. Presented by W. B, Lindley, 
Esq., M.Inst.O.E., F.O.B. 

OdUeron, V. La faune des couches a Mytilus consideree comme 
phase meconnue de la transformation dc formes aiiimales. 8vo. 
Basel, 1887. 


Goldschmidt, V. Index der Krystallformen der Mineralien. Lief. 
1 & 2. 8 VO. Berlin, 3 880. Purchased. 


Ooodchild, J. G. Observations upon the 8tratigraphical Belatioiis 
of the Skiddaw Slates. 8vo. London, 1880. 


Gdppert, H. 11., und A. Mengc. Die Flora des Bernsteins und ihro 
Beziehungen zur Flora der Tertlarformation und dor Gegenwart. 
Band 2, von //. Conwentz. 4to. Danzig, 1880. 


Gottsche, C. Geologische Skizze von Korea. 8vo. Berlin, 1886. 

Great Britain and Ireland. Mines aiid Minerals. Mining and 
Mineral Statistics of the United Kingdom of Great Britain and 
Ireland, including List of Mines and Mineral Works for the year 

1885. Prepared by H.M. Inspectors of Mines. 4to. London, 

1886. Presented by the Secretary of State for the Honu Depart- 
ment, 


Gresley, W. S. A Fossil Tree at Clayton, Yorkshire. 8vo. Bir- 
mingham, 1886. 

Griffiths, G. S. Evidences of a Glacial Epoch from Kerguelen’s 
Land, being comments uj>on the ‘ Challenger ’ Beports. 8vo. 
Melbourne, 1886. 


— . On the recent Earth-tremor and the conditions which they 
indicate. 8vo. Melbourne, 1885. 


Groth, P. Kopertorium der mineralogischen und krystallograph- 
ischen Literatur vom endc d. J. 187() bis anfang d. J. 1885, und 
Generalregister dor Zeitschiift fiir Krystal! ographie und Minera- 
logie, Biindc i.-x. 8vo. Leipzig, 1886. Purchased. 

Giimbel, C. W. von. Ueber die Katur und Bildungsweisc des Glau- 
konits. 8vo. Munich, 1886. 


. Geologic von Bayern. 1 Theil. Grundziige der Geologie. 

Lief. 8 & 4. 8vo. Casscl, 1 886 & 1 887. Purchased. 

Haas, H. J. Die Leitfossilien. 8vo. Leipzig, 1887. Purchased. 

Jlarher, A. On a remarkable Exposure of the Kellaway’s Rock in 
a recent cutting near Cirencester. 8vo. Gloucester, 1887. 
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Havtlancl, A, On the Study of the Glacial Period in the Isle of 
Han. Svo. Douglas, 1880. 

Hazell’s Annual Cyclopaedia, 1887. Edited by B. D. Price, F.G.S, 
8 VO. London, 1887. 

Hehert, Observations sur les groupes sedimentaires les plus 
anciens du nord-ouest de la France. 4to. Paris, 1880. 

Heim, A., and A. Penok. On the District of the Anc’ent Glaciers 
of the Isar and of the Linth. 8vo. London, 1880. Presented 
hy Dr. Hinde, 

Hemini't, Maria 72. Law of Heat. 8vo. Geneva, N. Y. 1880. 

Hennessy^ IT. On the Phj'sical Structure of the Earth. 8vo. 
London, 1880. 

. Hote on the Annual Precession cnlculated on the Hypo- 
thesis of the Earth’s Solidity. 8vo. London, 1880. 

. On the Fluid State of Bodies com 2 )osing our Planetary 

System. 8vo. Diildin, 1 880. 

Hermitc, H. Etudes gc'ologiques sur les lies Baleares. 8vo. 

Paris, 1870. Pnrcliased. 

Hertwig, 11. Gediichtnissrede auf Carl Theodor v. Siehold. 4 to. 
Hunich, 1880. Presented by the Academy of Sciences of 21 a nich. 

Hesse. Grossherzoglich hessische geologische Landesanstalt. Gcolo- 
gisebe Karte — -, 7 rr 7 r* Erliiuterungen. Lief. 1. Blatt Mcsscl. 
8vo. Darmstadt, 1880. 

^ ^ ^ Lief. 1. Blatt Ilossdorf. 8vo. Darmstadt. 

1880. Presented by the Survey. 

Hinde, G. J. On Beds of Sponge-remains in the Lower and Tipper 
Greensand of the South of England. 4to. London, 1880. 

On the Genus Hindla, Duncan, and the ?same of its Typical 
Siieeies, Svo. London, 1887. 

Hitch code, O. IT. The Geological Hap of the United States. Svo. 
Easton, 1880. (See Hats.) 

Hornes, It. Manuel de Paleontologie. Traduit de rAllemand par 
L. Dollo. Fasc. 4 & 5. Svo. Paris, 1880. Jhirchased. 

Howitt, A. JV. The Sedimentary, Metamorphic, and Igneous Bocks 
of Ensay. Svo. Melbourne, 1880. 

TDddmrd, L. D. Beit rage zur Kenntniss der Yosean-fiihrcnden 
Auswiirliinge dos Laachcr Sees. Svo. Yienna, 1887. 

Huyhes, T. 2PKcnny. The Sedgwick Memorial Geological ^ruseum. 
8vo. Cambridge, 1880. 
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limit, T, S. Mineral Physiology and Physiography. A second 
scries of chemical and geological essays with a general introduc- 
tion. 8vo. Poston, 1886. 

IIitUon,F.W. On the Geology of Scinde Island. 8vo. Wellington?, 
1886. 

On the Geology of the New-Zealand Alps. 8vo. Hobart, 

1886. 

. The Mollusoa of the Parcora and Oamaru Systems of New 

Zealand. 8vo. Sidney, 1886. 

India. C/<olo(/ical Survey. Palueontologia Indica. Ser. vii. & xiv. 
'l'itle])ag(; and Contents of vol. i. of Tertiary and Upper Cretaceous 
Fauna of Western India. 1886. 

. . . Ser. X. Indian Tertiary and Post-Tertiary 

Vertehrata. Vol. iv. Part 1. Siu alik Mammalia. Supplement i. 
Py P. L} dekker. 4to. Calcutta, 1886. 

. . . Indian Tertiary and Post-Tertiary 

Yertcbrata. Yol. iv. Part 2. Py It. Lydekker. 4 to. Cal- 
cutta, 1886. 

. . . Ser. xii. The Fossil Flora of the Gondwana 

System. Yol. iv. Part 2. The Fossil Flora of some of the 
Coal Fields in Westprn Bengal. Py O. Feistiiiautel. 4to. 
Calcutta, 1 886. 

. . Ser. xiii. Salt-Pango Fossils. Py W. 

Waagen. I. Pj'oductus-limestone Fossils ; VI. Coelenterata. 4to. 
Calcutta, 1886. 

Ser. xiv. Tertiary and Upper Cretaceous 
Fossils of AYcstern Sind. Vol. I. Part 2. U'ho Fossil Eclii- 
noidea. Fuse. vi. Py P. Martin Duncan and AY. P. Sladen. 4lo. 
Calcutta, 1886. 

. . llecords. Yol. xix. Parts 3 & 4. 8vo. Calcutta, 

1886. 

. Yol. XX. Parts 1 & 2. 8vo. Calcutta, 

1887. 

. Indldu Museum. Catalogue of the lleinains of Siwalik 

A'ertebrata contained in the Geological l)e])artment. Parts 1 & 
2. Py li. Lydekker. 8vo. Calcutta, 1885 & i88(>. 

. . Catalogue of the Pemains of I’leistoconc and Pre- 
historic A^ertebrata contained in the Geological l)e2)artment. 
Py P. Lydekker. 8vo. Calcutta, 1 886. 

International Polar Expeditions, 1882-83. Fort Pno. 0])serva- 
tions [Meteorological &c.J 4 to. London, 1886. Frescuted by 
the Meteorological Office. 

Irving, R. D. Origin of the Ferruginous Schists and Iron Ores of 
the Lake Superior Pegion. 8vo. New Haven, 1886. 
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Jaclc, 22. L. See Queensland. 

JoUimton-Lavis, II. J. The llelationship of the Structure of Kocks 
to the Conditions of their Formation. 8vo. Dublin, 1 880. 

Jones, T. Ilnjuirt. On Carboniferous Ostracoda from the Gaj’ton 
Boring, Northamj)ton6hire. 8vo. Northampton, 1880. 

. On Coal Deposits of South Africa. Slips. London, 1880. 

. On Balaiozoic Phyllox>oda. 8vo. London, 1880. 

. llevicw. “The Volcanoes of Japan, by John Milne.” 

Slip. London, 1880. 

The Cxeology and Mineral Products of South Africa. Slii>. 
London, 1880. 

. History of Sarsons. 8vo. Devizes, 1887. 

Note on Kinmaidiles ele(/eins, Sowerby, and other Lnglish 
Nummulites. 8vo. London, 1887. 

. Notes on the Palueozoic Biv^alvcd JEntomostraca. — Nos. 23 

& 24. On some Silurian Genera and Species. 8vo. London, 
1887. 


. Til c Mineral Wealth of South Africa. 8vo. London, 1887. 

, and J, Kirlclnj. A last of tlio Genera and S^iocies of 

Bivalvcd Plntomostraca found in the Carboniferous P\>rniations of 
Great Britain and Ireland, with Notes on the Genera and their 
Distribution. 8vo. London, 1886. 

, . Notes on the Distribution of the Ostracoda of the 

Carboniferous Formations of the British Isles, 8vo. London, 
1886. 

, . Notes on the Paheozoic Bivalvcd Entomostraca. — 

No. 22. On some undescribed Sx>ecies of British Carboniferous 
Ostracoda. 8vo. London, 1886. 

, . On some Fringed and other Ostracoda from the Ctir- 

boniferous Series. 8vo. London, 1886. 

Karsten, II. Geologie dc rancienne Colombie Bolivarionne, Vene- 
zuela, Nouvello-Grenade et Ecuador. 4to. Berlin, 188(>. Var- 
chcised. 

Kenngott, A., A. von Lasaiilx, and F. Bolle. Ilandwbrterbuch dor 
Mineralogie, Geologic und Jbilieoiitologie. 3 vols. 8vo. Bres- 
lau, 1883, 1885, A 1887. Pun'chaseil. 

Klein, S. T. Tliirty-six Hours’ Hunting among the Lexiidoptora 
and Hynienoptera of Middlesex, with Notes on the Method 
adoiited for their Capture. 8vo. Bath, 1887. 
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Klfment^ C. Kotice sor la compoeitioD chimiqiie de la meteorite de 
Saint- Denis-Westrem (Plandro Orientale). 8to. Brussels, 
1886, 

JKol'scJtarcuf, N. v. Materialien znr Mineralo^ie E-UFslands. Band 
ix. pp. 273-368. 8vo. St. Petersburg, 1886. 

Konen^ A. von. TTebcr none Cystidecn axis den Carafloc-Scbichien 
der Gcgend von Monti'cllier. 8vo. Stuttgart, 1886. 

Aonincl% L. G. efe^ et M. Lobest. iN’oticc sur lo paralb'lismc outre 
le calcaire carbonifi're clii nord-ouest de I’Angleterre ct celui de 
la Belgique. 8vo. Brussels, 1886. 

Kowalevsti, A. Observations sur lo developperarnt dcs Braebio- 
podes. Analyse par D. Q^hlert et Bcniber. 8vo. Paris, 1883. 

Lappavini^ A. de. Abrege de Oeologie. 8vo. Paris, 1886. 

• * • . Prestnled Inf Clenicvt lleidy Esq.^ 

F, G.S. 

. Trait e de Oeologie. 2^ edition. 8vo. Paris, 1885. 

• . Confereneo sur le sens dcs monvements de rccorce terrestre. 

8to. Paris, 1887. 

Lawrence, E. Tbo Progress of a Century ; or tbc Age of Iron and 
Steam. 8vo. London, 1886. 

Lhiilley, IK IT. J^botograpbs of Upper Pliocene Flora found in 
Excavations made near Frnnkfol•t-on-]^^ain. 1887. 

TAvcrFidfie, A. Presidential Address to tbc Boyal Society of Xcw 
South AVnlos. 8to. Sydney, 1886. 

Lucas, C. An Essay on Waters. Parti. Svo. London, 1756. 
Pnrcliased . 

tuilccn, C. Antikritiske Bemacrkninger i Anledninir af Uampo- 
Iloycndyr-Slorgten Cadodon. 8yo. Copenhagen, 1886. 

"Ai<hllrr, Tt. DcBcription of (lirce Ppocics of Scclidotlin-htm. Svo 
London, 1886. 

The Eossil Tcrtebrata of India. 8yo. Calcutta, 1887. 

!Ma]ct, n. P. Incidents in the Biography of Dust, Svo. London 
1887. Presinied hy TU. 8. Dallas, Esq., F.L.S. ' " ’ 

Marcov, J. B. A J^st of the IMcsozoic aTid Cenozoic Types in the 
colIectio7,8 of fhe T. 8. Museum. Hvo. Washiugfon, 1885 ; and 
Supplement, 1886. 

. Bibliographies of American ALaturalists. Ill Publications 

relating to Eossil Invertebrates. Svo. Washington, 1885. 

A/ors^^O. C. American Jurassic Mammals. 8vo. Kew Haven, 
1887. ^ 
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Mediterraneaa. lastructioris Naatiqiies sur les ilos lonieanes, l«s 
coto^i do Groce et do Tarqaie, TArchipel, le detroit das iJarda- 
nelies, la Mer da Marino ra et le Bospliore. Pur A. Prancoise. 
8vo, Paris, 1886. Fresmted by the Dejyot de la Marine, 

Melnikoiu^ M. Geologischc Erforschung des Yerbreitungsgobietes 
der Phospborite am Uajester. 8vo. St. Petersburg, 1885. 

Menejlilni^ G. Goniodisca'i Ferrazzii, Mgh., nuova Stelleride 
terziaria del Yicciitiuo. 8vo. Pisa, 1886. 

Miall, L. C. The Geology, Natural History, and Prehistoric Anti- 
quities of Craven, in Yorkshire. 4to. Leeds, 1878. PurchasM. 

3Iiall, L. 6\, and A. Denny. Studies in Comparative Anatomy. 
111. Tile Slrueture and Life-history of the Cockroach (Per/- 
jjlaneta ori nfaliti), Au introduction to the Study of Insects. 
8V0. London, 1880. 

Minnesota. Geoloji cal and JS'utural History Survey 1872—82. 

Thu Geology of Aiinnesota. Vol. i. of the T'lnal lluport. By >i. 
11. Wmcheii and W'. CpUam. 4to. Minneapolis, 1884. 

Thirteenth Animal llcpoit for the year 1884. 8vo. 
St. Paul, 1885. 

. . Pourteenth Annual lletmrt for the year 1885. 8vo. 

St. Paul, 1880. 

3Iory<i)t, C, Lloyd. Contributions to the Geology of the Avon 
Basin. 8yo, Bristol, . 

31orse, E. S. Ancient and Modern Methods of Arrow-llelease. 
8vo. Salem, 1880. 

31ortou.^ G. II. The Carboniferous Limestone and Cefn-y-fedw 
Sandstone of Plinishire. 8vo. Liverpool, 1880. 

31oit^ F. T. The Geological History of Charnwood Porest. 8vo. 
London, 1885. 

JShuhorst, A. G. Nouvelles observations sur des traces d’animaux 
et aui res phenomenes d origine purcment mecanique decrits 
eomme ^ Algues P^ossiles.'^ 4to. Stockholm, 1880. 

. Cm de saiidslipodo stenarnes forekonist i dc kambriska 

lagren vid Lugnds. 8vo. Stockholm, 1880. 

. Om lemningar af Dryas octoyetala, L., i kalktuff vid Hangil- 

torp iiiira ^ adsteiia. 8vo. Stockholm, 1880. 

Anmiirkningar med anledning af A. Hollands upjxsats : 
“ Svenske geologer om indsjoerue.” 8vo. Stockholm, 188/ . 

. Till frdgaii om de skEnska dislokationernas alder. 8vo. 

Stockholm, 1887. 
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Naumann, E. Die Erschcinunfren dcs Erdmagnotismns in ilnor 
Ahhiingigkeit yom Bau dor Erdriiidc. 8vo. Stuttgart, lx>7. 
Purchased. 

Ncumayr, M, Erdgeschi elite. Band i. Allgeineiric tteologie. 
8vo. Leipzig, 1887. Purchased. 

New Caledonia. Instructions Nautiquos snr la XonvelL'-Cak'doiiie 
ct ses dci)Oudanccs ]>ar Chambeyron et Banaio. S'' edition. 
8vo. Paris, 188(3. J*rcscu.fcd hy the /P’lnlt dc la T^farlue. 

Hew Hebrides. Instructions Hautiijues sur les Noiivelb's-llebridt s, 
les lies Banks, Torres, et PArcbijicl do Santa-Cruz. 8vo. Paris, 
1886. Presented by the DrjnU de la Jlarine. 

Hew Jersey, (ieoloywal Survt y. Ibaebiopoda and Lamellibran- 
ebiata of the Bari tan Clays and Creeiisand Claris of Hew Jersey, 
by 11. P. Whitfield. 4to. Trenton, H. J., 1S8(>. 

Hew South Wales. Australian Museum. Catalogue of the Eebino- 
dermata in the Australian Museum, by E. V. Itamsuy. Part 1. 
Svo. Sydnc}’, 1885. Presented by the Trustees. 

. , Ilei>ort of the Trustees for 1885. 4to. Sydney 

1886. 


• • Descriptive Catalogue ('with Hotes) of the General 

Collection of 3Iinerals in the Aiisti'filion Museum, by A. F. Ratte, 
8vo. Sydney, 1885. Presented by the Trustees. 

. Department of Mines. Annual Report for the year 1885. 

4to. Sydney, 1886. 

hevHoru and J. W. Clarh. The AVoodwardian Professor and 
the Sedgwick Memorial Museum. 8vo. Cambridge, 1887. 

Newton, K. T. On the Remains of a Gigantic Sj>eeies of Bird {(Pis-- 
tornis hlaasseni^) from the Lower Eocene Beds near Croydon. 

4tO- 1,01100^ 1 Skrt •' 


A Classification of Animals ; being a SvnoT)sis 
Hingdom, with especial reference to Fossil Forms 
don, 1887. 


of the Animal 
8vo. Lon- 


New York Geological Survey. Natural History of New York 
Hateontology. Vol. v. Parti. La„,eim.ranchiata, 11. 

4to. Albany, H. Y., 1885. 


James Hall. Text, 




I.&IL Plates. 4to. Albany/N! 17188.5 

ITsF. I* 




• • Report of the State 

an account of the condition of the 
8vo. Albany, H. Y., 1884 


Geologist (Jajues IfalV), giyino* 
work upon which he is engaged! 
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Now York State Museum of Natural History. Aununl Eeports 
to M<S. k'or ISSO -18^5. 8 yo . Albany, 1880-188-3. PrcscnlM 
Juf Jame.s Hall, Ksfj., F.M ,(J .H., Ftafa Geolor/ist. 

New Zealand. Colonial Museum and Geological Survey Depart- 
ment. Handbook of N^ew Zealand, by James Hca-tor. Jlh 
edition, revised. Svo. WtJlington, 1880. Prescuted hu Ihe 
A<f€ni~(P m ral for New ZettUind, 

, Presented Inf T)r. James Hector. 

F (» .S. 

. . Indian and Colonial Exhibition, London, 1880. 

New Zealand (’(uirt. Detailed (\ataloj^uc and Guido to the 
Geolo^i<’al I^xbibits. 8vo. AVellinjiion, 1880. Presented hy 
the Ayent-Goicnd for Netr Zealand. 

. Presented Inf ])r. James Hector, 

C.M.G., F.G.S. 

. . Alannal of tbo New Zealand Colooptera, by T. 

Brown. Pts. 3 4. Svo. Welliuirton, 1880. 

New Zealand Industrial Exhibition 1885, AYcllington. The Official 
lieeord, 1 885. Svo, Wellington, 1886. Presented hy the Neiv 
Zealand Colonial Museum, 

New Zealand. Mines Department. Annual Beports of the Inspec- 
tors on Inspection of Minos, 1886. 4to. Wellington, 18S6. 
Presented hy the Hon, Minister of Mines, 

. . Deport on the Arining Industry of New Zealand, being 

papers laid before Parliament during the Session of 1886. Svo. 
Wellington, 1887. Presented by the Hon. Minister of Mines. 

, Mines Statement, by the Minister of Mines, the Hon. W. I. 

M. Larnach, C.M.G. 4to. M^ellington, 1886. Presented hy the 
Hon. Minister of Mines. 

. Preliminary Heport of the Ilecent Volcanic Eruptions, by 

J. Hector, C.M.G. 4to. Wellington, 1SS6. Presented hy the 
Secretary of State for the Colonies. 

■ . Preliminary Heport on the Hecent Volcanic Eruptions, by 

Dr. James Hector, C.M.G., P\G.S. dto. AVellingtoii, 1886. 

. Preliminary Report of the Volcanic Eruption of Tarowoia 

1880, by S. Percy Smith. 4to. Wellington, 1886. Presented 
hy the Secretary of State for the Colonies, 

. Heport on Goldfields, Classes and Schools of Mines. 4to. 

AVellington, 1885. J^resented hy the Mines Department. 

. Heport on Goldfields, Hoads, Water-races, and other works 

in connection with Mining. 4to. Wellington, 1886. Presented 
hy ihe Mines Department. 
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Korman, M. W, A popular Guido to the Geology of the Isle of 
Wight, with a Note on its relation to that of the Isle of Piu’heck. 
8 VO. Yentnor, 1887. Purchased, 

Norwegian North-Atlantic Expedition. Norske Nordhavs-Expe- 
dition, 1876-78. Presented by the Meteor olog isle e institute Chris- 
tiania, 

XY. Zoologi. Crustacea II., ved G. O. Sars. 4to. Chris- 
tiania, 1886, 

XYI. Zoologi. Mollusca II., ved H. Friele. 4to. Chris- 
tiania, 1886. 

XYII. Zoologi. Alcyonida, ved D. C. Eaiiiolsscii. 4 to. 
Christiania, 1887. 

Noury, C, Geologic de Jersey. 8vo. Paris, 1SS6. 

Nova Scotia. Pepariment of Mines, lieijort for the year 1886. 
8vo. Halifax, N. S., 1887. 

CEhlert, 1). Sur les Eossilcs devoniens du departenieiit de la 
Mayenno. 8vo. Paris, 1877. 

-. l)cscrii)tioi) de deux nouveaux genres do (■riuoides du ter- 
rain devoiiien de la Hayeriiie. 8vo. Paris, 1878. 

. Note sur le Calcaire de Saint-lvocli, a Change, pres La^ al. 

8vo. Pui'is, 1 880. 

, Crinoides nouveaux du devonien de ]a Saithe ei de la 

Mayeiiiie. 8vo. Paris, 1882. 

Notes geologiques sur le departcincnt de la Mayenne. 8vo. 
Angers, 

. Note sur le calcaire de Montjean et Clialoniies (Haiiie-et- 

Loire). 8vo. Paris, 1882. 

. Dcscrij^tion de deux iiouvclles cspeecs (T Acrocvl ia du devo- 
nien inferieur de la Mayeiine. 8\o. Paris, 1881J. 

. Note sur Ics Ohonetes devoniens de TOuest dc la Prance. 

8vo. Paris, 1883. 

. Note sur Tercbratala {Centronella) Cveraagtri. 8vo. 

Angers, 1883. 

. Etudes sur quelques Prachiopodes devoniens. 8vo Paris 

1884. 

. Etude sur quelques Trilobites du groupe dcs Proelidie. 8vo. 

Angers, 1885. 

. Description de Goldins GerviVei, Svo. Paris, 1885. 

. Description de deux Centronelles du devonien inferieur de 

Touest de la Prance. 8vo. Paris, 1885. 
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(Ehlert, D. Etude sur quelques fossiloB devoniuns do I’ouest do la 
France. Svo. Paris, 18^57. 

8ur les oscillations qui se sont produites pendant la Tieriode 

primaire dans le bassin de Laval. 4to. Paris, 1887. 

, et — Davoust. Bur le devonien du deiiartcment de la Sarthe. 

8vo. Paris, 187^. 

Giuhoni^ G, I)i alcuni insetti fossile del Yeueto. 8vo. Venice, 
188(5. 

Orjun,C.S. On Matters Geological. 8vo. Bloemfontein, Orange 
Pree Btate. 18815. 

Orrahitl, A, Estudio critieo y comparative de las reglas de Descartes 
y de 2^e\vton resj)ecto al iiuiuero de raices de Ls ecuacioues nu- 
merieas. 8vo. Buenos Aires, l88d. 

Paleontologie Fran<;aise. Serie 1. Animuux luvertcbrcs. Terrain 
Civtuce. Livr. Zoophytes par de Proinentel. 8vo. Paris, 

18815. l^arduii^Cil , 

^ , Terrain Jurassicjiie. Livr. 82. Criiioides, 

par P. De Loriol. 8vo. Paris, 18815. Parch(ii>ed. 

. . . Terrains Tertiuires. Livr. G-0. Eoceno. 

Echiuides. Tome i., par G. (Jotleau. bvo. Paris, 1880-87. 
pKi'cham d. 

. Ber. 2, Yegetaux. Terrain Jurassiquo. Livr. 3G-J38. 

Ephedreed ; Bpirangiees et types Proaugiospermiques par G. de 
Baporta. 8vu. Paris, 18815. Purchased. 

Pennsylvania. GeoJiujIcal Survetf. Annual lleport for 1885, and 
Allas, bvo. liariisburg, 1880. 

Pefho, J. Die tertiiirbildungeii des Feher-Kords-Thales zwisclicu 
dein Hegyes-Dioesa- und iTess-lxodru-Gebirge. 8vo. Budapest, 
1887. 

Phillips, J. A., and II. Bauennan. Elements of Metallurgy. New 
edition. 8vo. London, 1887. Presented by P . Uaiioruiau^ 
V.P.G.JS., 4'c. 

Polenus, Joannes. De motu aquae mixto libri duo. 4to. Padua, 
1717 . Presented by the Royal (Society. 

Portugal. Commission de-s travaax CeoJoyiques da Portiiyal. lle- 
cueii d’etudes x>aleontologiques sur la lauue eretacique du Portugal. 
Yol. i. Especes nouvelles ou peu connuos par Paul Chotiat. 
Serie 1. 4to. Lisbon, 1880. 

PostlelJnvaite, J.y and J. G. Goodchild. On some Trilobitcs from the 
Bkiddaw Slates. 8vo. Loudon, 1880. 



164 


ADDITIONS TO THE LIBRA RT. 


Prestwich, J, On the agency of Water in Volcanic Eruptions. 8vo. 
London, 1880. 

. On Underground Temperatures ; with observations on the 

conductivity of rocks ; on the thermal effects of saturation and 
imbibition, and on a special source of heat in Mountain llanges. 
4to. London, 1880. 

Queensland. Colonial and Indian Exhibition of 1880. Handbook 
of Queensland Geology by li, L, Jack, 8vo. Brisbane, 1880. 

Quenstedt, E. A. Die Ammoniten dos sehwabischen Jura. Hcfte 
11-15. Text 8vo. Stuttgart. Atlas, 4to. 1880 & 1887. Pur- 
chased, 

Quiroga, P, Apuntes de un viaje por el Sfihara occidental. 8vo. 
Madrid, 1880. 

Rauff^ H, Ueber die Gattung Hindia Dune. 8vo. Bonn, 1880. 

Ray Society, The Larvm of the British Butterflies and Moths, by 
the late William Buckler. Edited by H. T. Stainton. Vol. ii. 
8vo. London, 1887. 

T. M, The Origin of Mountain Itanges, considered expe- 
rimentally, structurally, dynamically, and in relation to their 
geological history. 8vo. London, 1880. 

Reid, C, Norfolk Amber. 8vo. Norwich, 1886. 

' On the Flora of the Cromer Forest-bed. 8vo. Norwich, 

1880. 

Renevier, E, Eapport sur la marche du Muse'e Geologique Vaudois 
en 1880. 8vo. Lausanne, 1887. 

Reyer, E, Geologio der amerikanischen Eisenlagerstatten (insbe- 
sondere Michigan). 4to. Vienna, 1887. 

. Ueber Erstarren. 8vo. Leipzig, 1885. 

Ricriardi, L. SulT allineamento dei Vulcani Italiani. — Sulle rocce 
eruttive sottomarino, subacroc e sottomarino 0 loro classificaziouo 
in due period!. — Sul graduale passaggio dellc rocco acide alle 
rocce basiche.— Sullo sviluppo dell’ acido cloridrico dell’ anidride 
solforosa e del iodio dai vulcani. 8vo. lleggio-Erailia,! 887. 

Riviere, E. Palcocthnologic. De TAntiquite de I’Hommo dans les 
Alpes-Mantimes. Livr. 10-12. 4to. Paris, 1880 & 1887. 
Purchased, 

Roberts, Mary. The Progress of Creation, considered with reference 
to the present condition of the Earth. 8vo. London 1840. 
Presented hy W, Whitaker, Esq., F,G.S, 

Rohon, J, V., and K, Jl, v, Zitiel, Ueber Ceratodus, 8vo, 
Munich, 1886. 



ADDITIONS TO TUK DIBKART. 


165 

Home do FTsh', J. B. do. Essai dc Cristallograijhie. 8vo. Paris, 

1 77!i. htj ilie liot/dl Soviet /f. 

Crisl aWograplne ou descriplioTJ des formes propres a tous les 

corps do W gne mineral. Seconde edition. Vols. i.-iii. Text, 8vo. 
Yol. iv. Atlas, 4to. Paris, 1783. Presented hj the Royal 
Soviet If, 

lidmer, E. Die Fossile Fauna der silurisehen Diluvial-Geschiebe 
von Sudewitz bci Dels in Nieder-Schlesien. 4to. Breslau, 18G1. 
Purchased, 

Rondot, N. Essai sur les proprietes physiques de la soie. 8vo. 
8vo. Paris, 1887. Presented by Thomas Wardle^ Esq,, F.O.S, 

Rosenbusch, H. Mikroskopische Physiographie dor Mineralien und 
(xcsteine. Zweito Auflage. Band ii. Abth. 1. 8vo. Stuttgart, 

1886. Purchased, 

Roth, J, Beitriigo zur Petrographic von Korea. 8vo. Berlin, 
1886. 

Russia. Comite Geoloffique, Bihliothequc Geologique de la Rnssio, 
1885, No. 1, rddigdc par S. Nikitin. 8vo. St. Petersburg, 1886. 

. . Tsvostia. 1886. (Bulletin.) Tome v. Nos. 1-8. 

8vo. St. Petersburg, 1886. 

. . . 1887. Tome vi. Nos. 1-5. 8vo. 

St. Petersburg, 1 887. 

Memoiros. Yol. iii. Nos. 2 & 3. 4to. St. Peters- 
burg, 1886. 

Butot, A., et E, Van den Broevl\ Observations nouvolles sur le 
Tufeau de Oiply et sur le Cretace superieur du Hainault. 8vo. 
Liege, 1886. 

Saudberr/er, F. von. Pupa (Yertigo) parcedentata-Genesii und ihre 
Yarietaten-R(‘ihe in dor Eiszeit und der gcgenwiiiiigen Periode. 
8vo. Wurzburg, 1887. 

XJeber eincu neuen Pelckypodcn aus dem iiassauischen Un- 
terdevon. 8vo. Stuttgart, 1887. 

. Bemerkungen iiber einigo Heliceen im Bernstein der preus- 

sisehen Kliste. 8vo. Danzig, 1887. 

Saxony. Geoloyische Landesuntersiichuny des Konigreichs Sachsen, 
Erliiuterungen zur geologischo Specialkarto, Blatt 31, 68, 06, 116, 
117, 134. 8vo. Leipzig, 1886. 

Setdiiter, C, Archaeocyathus im russischem Silur? 8vo. Berlin, 

1887. 

Schmidt, O. The Mammalia in their relation to Primeval Times. 
8vo. London, 1885. Purchased, 
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Schumann, J. Geologische Wanderungeii durch Altpreussen. 8vo. 
Xdiiigsberg, 1809, Purchased. 

Scudder, S, II. The Cockroach of the Past. 8vo. London, 1886. 

Seyuenza, O. 11 Lias iuferiore nella Proviucia di Messina. 4to. 
Naples, 1885. 

. Monografia delle Sinrifcrina dci vari piani del Lias Messiiiese. 

8vo. Home, 1885. 

. Esame di una sezione naturale ncl Giurassieo di Taormina. 

8vo. 1880. 

II Lias superiore nel territorio di X\iormiiia. 8vo. Venice, 

1880. 

. II Itetico di Taormina. 8vo. Palermo, ISSG. 

. Sulla nota del Prof. G. Gemniellaro dal titolo : iSugli strati 

con Lei)taeiia nel Lias superiore di Sicilia. 8vo. 1880. 

Blurhorn, C. I)., and E. Chapman. On some Microzoa from the 
liOndon Clay exposed in the Drainage Vorks, Piccaddl}', London, 
1885. 8vo. Loudon, 188(). 

Smythe, G. W. Views and Description of the late Volcanic Island 
off the coast of 8icily. 4to. London, n. d. Purchased. 

South Australia. Colonial and Indian Exhibition, London, 1880. 
Dibliograpby of 8outh Australia, coinjhled by T. Gill. 8vo. 
Adelaide, 1885, 

. Notes on Geological Map of Gumeracha and Mount Crawford 

Goldfields, by 11. P. Woodward. 4to. Adelaide, 1880. 
senttd by the Colonial Government. 

. Presented hij the Secretary of State for the 

Colonies. 

. lleport on Geology and Mineralogy of Northern Territory, 

by J. E. Tenison Woods. 4to. Adelaide, 1880. Presented by 
the Secretary of State for the Colonies. 

. Deport on the Ulooloo Goldfield. Py 11. Y. L. Brown. 4to. 

Adelaide, 1887. Presented, by the Colonial Government. 

BXJain. Comisidn del mayia Geoloyico de Espaha. Bolotin. Tomo xiii. 
Cuaderno 2. 8vo. Madrid, 1880. 

Memorias. Desciipcidn fisiea y geoldgica de la 
Provincia de Zamora, ]jor G. Puig y Larraz. 8vo. Madrid, ! 

. . . Descri]:)cidn fisica y gcolbgica de la Provincia 

de Alava, por D. Itamdn Adan de Yarza. 8vo. Madrid, 1885. 

Spratt, T. A. B. On the Gcologj’ of Malta and Gozo. 8vo. 
Malta, 1852. Pui chased. 
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Spxirrell^ F. C. J, On some Pala3olithic Knapping Tools and Modes 
of using them. Svo. London, 1883. 

. Palaeolithic Implements found in West Kent, Svo. Lon- 
don, 1883. 

. Earl\' Sites and Embankments on the margins of the Thames 

Estuary. 8vo. London, 1885. 

. A Sketch of the Ilistorv of the 11 Ivors and Denudation of 

AYest Kent, &c. Svo. Greenwich, 1 S8d. 

Stahile, J. Eossiles des environs du lac dc Lugano. Svo. Lugano, 
1 81)1. Fn. I -cJiaset 1. 

SteenHtr}ip, J. J. S, Kjokkon-milddingcr. Svo. Copenhagen, 

18S(). 

Sfeinmnrin, (1. Geologischer Eiihrer der Umgegend von Metz. Svo. 
Mi'tz, 1SS2. Purchaser L 

StrifcJnnnnn^ C. Die Portland-Ilildungen der Umgegend von Han- 
nover. 8vo. Eorlin, 1887. 

SiitclifTe, J. The Geology of the Avon. Svo. Bristol, 1822. 
Purchased. 

SvediU(irl\ E. Kagra ord med anledning af A. E. Tdrnehohras ro- 
ferat iitVer Karthladen “ Eurusund oeh “ Ufidmansd samt 
Gahbron p3, Iladrnansd.’’ Svo. Stockholm, 1887. 

Switzerland. Commission de la Carte Gt'olo(/ique de la Suisse. 
Beitriige. Idef. 24. Ccntralgehiei. der Schweiz enthalton auf 
Blatt xiii., von A. Baltzer, E. J. Kaiifmann, CJ. Moosch, nnd K. 
Maycr-Eyraar. Erster Theil. Emmon- und Schliorongogenden 
nehst IJmgebungon bis zur Hrunigstrasso und Linio Lur.gern- 
grafonort, von E. J. Kaufmann. Text and Atlas. 4to. Berne, 
188G. 

Symonds, W. S. Old Stones. Svo. Malvern, 1855. Purchased . 

. Becords of the Hocks. Svo. London, 1872. Pu rchas. d. 

Tate. 11. Post-Miocene Climate in South Australia. 8vo. Adelaide, 
1885. 

. Supplemental Kotes on the Palliobranchs of the Older Ter- 
tiary of Australia, and a Description of a new Species of Hhiju- 
chonella. Svo. Adelaide, 1885. 

. The Laraellihrancha of the Older Tertiary of Australia. 

Part 1. Svo. Adelaide, 1885. 

. . Part II. Svo. Adelaide, 1 887. 

. A Ilevision of the Becent Lamellibranch and Palliohranch 

MoUusca of South Australia. Svo. Adelaide, 1887. 

1 >. Descriptions of some new Species of South -Australian Marine 

and Freshwater Mollusca. Svo. Adelaide, 1887. 
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Teall^ J,-J, Harris. Britisli Petrography. Parts 7-10. 8vo. 
Birmingham, 1880. 

Tolstoi, L. What 1 believe. Translated by C. Po^off. 8vo. London, 
1885. 

Toner, J. M. Address before the Roclcy-Mountain Medical Associ- 
ation, June 0, 1 877, containing some observations on the Geological 
Age of the World, the api^earance of Animal Life upon the Globe, 
the Anti(piity of Man, and the Arclimologieal llemains of Extinct 
Races found on the American Continent, with views of the Origin 
and Practice of Medicine among Uncivilized Races, more especially 
the Js or th- American Indians. 8vo. Washington, 1877, Pre- 
sented hy W. iS. IJalhis, Es(j., P.L.JS. 

Tojnnard, P. Les caractercs simiens de la machoire de la Naulette. 
8vo. Paris, 1880. 

Topley.^ TE. Report of the Committee on the Erosion of the Sea- 
coasts of England and Wales. 8vo. London, 1880. 

Umlauft, Fr. Die Alpon. Ilandbuch der gesammten Alpcnkunde. 
Abth. 1. 8vo. Vienna, 1880? Purchased. 

. Die Alpen. Abth. 2. 8vo. Vienna, 1880. Purchased^ 

United Stat(\s, Geological Survey. Bulletin. Nos. 24—33, 8vo, 
Washington, 1885 A 1880. 

Fifth Annual Report (1883-84), by J. W. Powell, 
Director, 4to. AVashington, 1885. 

Mineral Resources of the United States (1885). 
8vo. AVashington, 1880. 

. . Monogra]>hs. A^ol. x. Dinoccrata, a Alouograph 

of an extinct ()rd(;r of Gigantic Alammals, by O. C. Alarsh. 8vo. 
AA ashingtoii, 1880. 

. . . A^ol. xi. Geological Hislory of Lake Lahontan, 

a Quaternary Lake of North-western Nevada, by J. C. Russel. 
4to. AVashington, 1885. 

. Geological and Geographical Survey of the Territories. 

Second Division. Re])ort on the Geology of the Eastern por tion 
of the Uinta Alountains and a region of country adjacent thereto. 
By J. AA'. Powell. 4to. AVashington, 187b. Purchased. 

Treasury. Annual Rej^ort of the Director of the Alint, for 
the year ending June 3U, 1880. 8vo. AVashington, 1886. 
Presented t>y J. P. Kindudl, Esq. 

. War Department. Corps of Ihigineers U.S. Army. Report 

upon the Third International Geographical Congress and Exhi- 
bition at A'cnice, Italy, 1881, accompanied by Data concerning 
tbe principal Government Land and Marine Surveys of theAVorld, 
by G, M. Wheeler. 4to. Washington, 1885. 
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Yictoria. Dejiartment of Mines, AnDual Ile])ort of the Secretary 
for Mines and Water Supplj", to the Honourable J. L. How, 
Minister of Mines for Victoria, on the working of the Hegnlatiou 
and Inspection of Mines and Mining Machinery Act during the 
year 1885. 4to. Melbourne, 188(5. 

. . Gold-Pields of Victoria. Iteports of the Mining 

Registrars for the quarter ended 81st March, 188(3. 4to. Mel- 
bourne, 1880. 

. for the quarter ended 30th June, 188(5. 

4to. Melbourne, 1880. 

for the quarter ended 30th Beptem- 
ber, 188(5. 4to. Melbourne, 188(5. 

for the quarter ended 31st Hecember, 
1880. 4lo. Melbourne, 1880. 

. . Mineral Statistics of Victoria for the year 1885. 

Report of the Secretary for l^Linesto the Hon. Minister of Mines. 
4to. Melbourne, 1880. 

Vila nova y Picra, Juan, Hnsayo de Hiccionario geogrutico-gcologico. 
8yo. Madrid, 1884. 

Voydes, A, IV. Description of a Kew Crustacean from the (.linton 
Croup of Georgia, with Remarks ux)on otheis. 8vo. ^NewYork, 
1880. 

Voni Jiat?i, (r, Uober Colemaiiit. 8vo. Stuttgart, 1885. 

. Vortriige und Mittheilungen. 8vo. Bonn, 1880. 

AVortc der lirinnerung an Dr. Martin Websky. 8vo. Bonn, 

1 887. 

Worte der Erinnerung an Professor Dr. A. von Lasaulx. 

8vo. Bonn, 1887. 

. Einige geologische Wahrnehungen in Mexiko. 8vo. Bonn, 

1887. 

. Dcber kiinstliche Bilberkrystalle. 8vo. Leipzig, 1887. 

Ueber Cristobalit vom Corro S. Cristobal bci Pachuca 
(Mexico). 8vo. Leii)zig, 1887. 

WdJmer, F, Bcitriige zur Kenntniss der tieferen Zonon dcs untertm 
Lias in den nordustlichen Alpen. 2—4 Theil. 4to. Vienna, 
1880. 

WaJmschaffe, F. Die lossartigen Bildungen am Rando dcs nord- 
deiitsehen Elachlandes. 8yo. Beilin, 1880. 

IMittheilungen iiber das QuarUir am Nordrande des Harzos. 
8vo. Berlin, 1880. 
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Walcher, R. On the Influence of Pluctuations of Atrnosphoric 
Pressure on the Evolution of Eire-damp. Translated by G. (J. 
Bagster. 4to. Vienna, 1886. Purchased, 

Wardle^ T. Les Soics des Vers Sanvages de IMnde et leur emploi 
dans rindustrie. 8vo. Paris, 1887. (See also Bondot, N.) 

Warincjton^ R. A Contribution to the Study of Well-waters. 8vo. 
London, 1887. 

Western Australia. Keport on the Geology of the Kimberley dis- 
trict, Western Australia, by E. T. Hardman. 4to. Perth, 1885. 
Presented hy John Forrest^ Fsq.^ C.M.G.^ F,G,S, 

Williams f J. Life in the Soudan : Adventures amongst the Tribes, 
and Travels in Egypt, in 1881 and 1882. 8vo. London, 1884. 

WinclJer, T. C, Histoire de ITchnologie. £tude Tchnologique sur 
les empreintes de i)as d’animaux fossiles snivie do la description 
des plaques a impressions d’nnimaux qui so trouvent an Musee 
Teyler. 8vo. Haarlem, 1886. 

Wolterstorjf,, IF. XJeber fossilo FriJseho insbesondero das Genus 
Palevohairaclivs. ii. Thoil. Svo. Magdeburg, 1887. 

Woods, J. F. Tenison, Beport upon the Geology and Mineralogy 
of the Northern Territory of South Australia. 8vo. Darwin, 
NortheiTi Territory, 1887. 

Wooflufard, If.y and T. Rupert Jones, Fourth Beport on the Fossil 
Phyllojwda of the Palaeozoic Bocks. Svo. London, 1880. 

. . (Bevisod.) Svo. London, 1886. 

Woodward^ IT. B. Not(‘S on the Geology of Brent Knoll, in Somer- 
setshire. Svo. Bath, 1887. 

. Kotos on the Ham Hill Stone. Svo. Bath, 1887. 

. The Geology of England and Wales, with Kotos on the 

Physical Features of the Countr3\ Second Edition. Svo. Lon- 
don, 1887. 

Wriyhf, T. Monogra])h on the Lias Ammonites of the British 
Islands. 4to. London, 1878-86. Bequeothed. 

Yarkand Mission. Scionlific Besults of the Second Yarkand l^rission ; 
Memoir of the Life and Work of F. Stoliezka, Ph.l)., Paheonto- 
logist to the Geological Survey’ of India from 1861^ to 1874, bv 
\ , Ball. 4to. London, 1880. Presented hy the Government of 
India. 

Yonnrp J, Notes on Conc-in-Conc Structure. Svo. Glasgow 
1885. 

FAttel^ K. A. V. Feber Ceratodus. Svo. Munich, 1886. 

. 1. Feber Ceratodvs. 2. Fehcr vcrmcintliche Hautschilder 

fossilcr Store. Svo. Munich, 1886. 
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Carez, L., et G. Vasseur. Carte Gcologinue de France. Feuillps 
B.O., N.E., B.K.; 10, S.E.; H, X.Q., S.O.; 12 , N.E. To. 
H.E. ; and lo, N.O., N.E. Purchaaed, 

France. Depot de la Marine, 4 sheets of charts and plans of vari- 
ous coasts. 


Hcbbc. Gro^^herzirjVich hessiscJie f/eolof/isc7ie Landemmtalt. Geolo- 
frischo Bpecialkarto. Eief. 1. lilatt Mcssel und Blatt 

Jiossdorf. Darmstadt, IShO. 

lJiichcocl\ C. If. Geological Map of the United States and part, of 
Canada, to illustrate the Schemes of Coloration and Nomenclature 
reconimendod by the I ntcrnalional Geological Congress. 1886. 

New Jervsey. Geohr/ical Snrt'r>/, Atlas of New Jersey. Sheets 
Nos. 8, 1 I , and 12. ((». IT. Cook, State Geologist, New Bruns- 

wick.) Scale 1 mile to 1 inch. lSS7. 

Norway. Jiisfitid ffro'/rapln'jne de Norve^fe ct In set-lion 

de V Idnt Major (Jrntnd. Den (Jcologiska Undersdgclso. Kiirfe 
]. n e iu id 2t) \ , y ~ ^ t .r 0 ■ 

Ordnaiua* Survi'V M:i]>s. Prese nft d the Jurst Ooin/iussioncr of \]^0T7es, 

(.)no-ineh General Maps. England and ales. N. S. Outline. 

it Quarter-sluM'ts. 

. Ireland tllillsh 2 Quarter-sheets. 

■ . Scotland. 10 Sheets. 

Six-inch County M.aps. 22 Sheets ; 725 Quarter-sheets. 

Bhoiograph of a Quartzite Pehhle found in a Co al Seam, S. Statford- 
shire (Geol. Mag., July 187^1). Presented hy Prof. T. G. Bonney, 
P.B.S., V.P.G.iS. 

Photograph of the Central Part of the Crater AVall, Pic Rakata, Isle 
of Krakatau ; with a Note hy It. D. M. Verhech. 1886. Pre- 
sented by the Count vaii Bylandt, Nrthcrlands Minister. 

Photograidi of the Section in !Mr, Green’s Pit, at Sudhurj-, Sufftilk 
(Geol. Mag., Juno 1887). Presented hy J . E. Marr, Esej., B\G.S. 

Photographs of New Zealand Bryozoa, described in pajjcrs in 
Quart. Journ. Geol. Soc. vols. xlii. A xliii. Presented by 
A.. TU. 'Waters, Esq., E.G.S. 

ley, G., et I. MoiicldeeUnv. Carte geologiquo du Turkestan 
Busse. Pklition 1885. Eclielle x^i^ouiro* IFeuilles. Fol. 

St. Petersburg, 1880. 

von. xniii. o 
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Ruthvcn, J. Map of the English Lakes and adjoining country, 
geologically coloured. Scale miles to 1 inch. 1855. Fre- 
smted hy Whitalcer^ Esq., E.G.S. 

Saxonj". Geologisclie Landesuntersnc7iu7iq des Koniyreichs Sachsen. 
Geologische Speciulkartc. lilatt 31, 98, 90, IIG, 117, 134. 

Shcrwell, W. S. A (Zoological Map of Zillah Iloliar. Six miles to 
an inch. Fresoded hy W. T. ThiseJton Dyer, Esq., C.JSl.G., F.li.S. 

United States, Geological Maj> of the, hy C. IT. Tlitchcodc. 3S8G. 

Wdson, C. IT. Mountain Jlegioji of Ihitish ironduras. Scale, 
20 mm. = 5 miles. Coloured and uncoloured coj)ies. 


11. ADDITIOKS TO THE MUSEUM. 

Four specimens, bequeathed to the Society by the late Cal(‘h Evans, 
Esq., F.G.S., viz. — Two specimens of Elytra of Jjeelles from the 
Ijondon (day of Peckham. One spccinien of Ftda ocorysfes yhd>ra, 
II. WoodAvard (Quart. Journ. Geol. Soc. ahI. xxvii. ]>. 90), and 
one specimen of Liioricola ylahra, II. Woodward (Quart. Journ. 
Geol. Soc. vol. xxix. p. 29), both from the Lower Eocene of Ports- 
mouth. 

A collection of Ilock Specimens of the Hocks of Assouan on the 
Upper IVile ((ieol. Mag. 188(), p. 101, &c.), J^wsentecl hy Sir J. 
IE. Dmvsoii, C.]\l.G., F.li.S., F.G.S., and J*rof. T. G. Donne^f, 
TUTS., V.1\G.S. 



THE 


QUARTERLY JOURNAL 

THE GEOLOGICAL SOCIETY OF LONDON. 

VoL. XLIII. 


1. On the Sktho. and Dentition o f ft Tkiassic SAtriiiAN ((Jlalcsaurus 
xJanicops, Ow.). By Bir BicnAai) Owen, K.C.B., F.B.S., 
F.G.S., &c. (Read Noveinbor 3, 1880.) 

[Pl.ATK 1.] 

In the year 1858 it waH my good fort une to receive from Sir George 
Grey, K.O.B., Goverjior of the (Uipe of Good Hope, a fossil skull from 
the Triassic sandstone of tlie Bhenosterherg, which combined dental 
characters, indicated by the sockets and Bagments of teeth, most 
resembling tljose of a Carnivorous Mammal, with the unequivocal 
cranial structure of a Saurian BexJile. 

This interesting evidence of the Yertcbrate life of that geological 
period and locality is described and figured in ray ‘ Catalogue of the 
Fossil Keptilia of Bouth Africa,’ 4to, 187t>, j). 23, pi. xviii. figs. 6-11 , 
as a species of an extinct genus, Galcsauims, and as the tj’pe of a 
Division of the Class ItEPTiniA, subscHjuent accessions to which, also 
described and figured in the same work, led me, by similar modifica- 
tions of the dentition, to group them in a distinct suborder termed 
Theriodontia (oj?. cH. p. 15). 

The collection of fossils from the same formation, in the locality 
of ‘ Theba-chou,’ Basuto Land, subsequently deposited in the Geolo- 
gical Department of the British Museum of Natural History, hy 
Dr. Exton, which, together with the evidence of a mammalian 
genus ( Tt'it^lodon), included remains of the reptilian genera Kiste- 
a J. G. S. No. 169. B 
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cepTiahis and BatracTiosaiirm, has also furnishod the subject of the 
present paper. 

Characters of the skull and teeth, more or less mutilated in the 
original specimen of Gdlesaurus^ have been brought to light by careful 
removal of the adherent matrix from the present fossil, under the 
superintendence of my friend Mr. W. Davies, Assistant in the 
Department. 

Cranial and dental characters, so exposed, are given in the annexed 
drawings of the natural size (PI. I.) ; to one of which (fig. 2) is added, 
in outline, the better-preserved occipital resgion of the tyi)ical speci- 
men of Galesattriis, now also in the Geological Department. 

In both specimens the reptilian nature of the fossil is exemplified 
by the single occipital condyle (figs. 2 & S, i) and by the degree in 
which the ex- (2) and supra- occipitals (3) slope forward as they rise 
to join the parieto-mastoid elements, 7-3. The restricted propor- 
tions of the brain are concurrently exemplified by the ])arieto- frontal 
ridge-like roof and steeply sloping side-walls of the cranial ca\uty 
(fig. 2, 7). The mass of the temiionil muscles is indicated by the 
wide span, I, of the strong zygomatic arches, the parietal boundaries 
of which meet and develop a median crest, to which the frontals, n, 
also contribute a small x)roj3ortion. No trace of sagittal suture 
remains ; the chief difference in this part of the cranium from a 
mature male of a placental or marsupijil Carnivore is the retention 
of the evidence of a primordial “ gullet- tract,” manifested by the 
“ pineal ” or “ infundibular ” orifice (fig. !2, ;)*. The orbits, 0 , have 
a strong uninterrupted bony rim, formed above by the pro- (14) and 
post- ( 12 ) frontals, which unite suturally and exclude the mid 
frontal (figs. 1 & 2, 11 ); the orbital frame is comx>letcd before and 
below by the lacrymal, maxillary ( 21 ), and malar ( 2 c) bones. A 
strong, vcrticiilly broad element (s) of the zygomatic arch seems to be 
excluded from the orbit by a suturally joined malar and j^ostfrontal ; 
the arch bends outward to augment the space for the temj)oral 
muscle, and broadly joins the mastoid to form the hind wall of the 
wide temporal fossa ; the muscles so indicated relate to vigorous 
working of the canine weapons. 

The plane of the orbit slopes forward and from above downward 
and outward (figs. 1 & 2, 0 , o). The fronto-nasal suture runs across, 
in a line with the fore border of the orbits. The nasals (ir>) diverge 
anteriorly to form the sides of a single almost terminal outer nostril 
(71), which exposes the fore border of a bony septum. In some other 
Triassic liep tiles {Cyiiosuclttis, e. g.) the nostril is single. The j>re- 
maxillaries complete the nostril. The palatal icgion (fig. Jl) repeats 
the same general characters as in xjreviously described Theriodonts 
where it has been exposed, e. y. in Dicynodon leonicijis (oy>. cit, 
pi. xxvi.), Oudenodon maynus {ih. pi. Ivi.'), Oudenodon hi'cvirostris 
(ib. pi. Iviii.). 

The pterygo-maxillary vacuities (fig. 3, y) are large, but relatively 

* See * Essays on the Conario-hypoj^hysial Tract, and on J:hc Aspects of the 
Body in Vertebrate and Invertebrate AnimaJs.’ By Bichard Owen, F.B.S. &c. 
8vo, 1883 (Taylor and Francis, Bed Dion Court, Fleet Street, London). 
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less than in the toothless Triassio species quoted. Their proportions 
and periphery are more nearly repeated by the Crocodiles, among 
recent forms, than by any known species of Lizard or Chelonian. 
The pterygoids (fig. 3, 24 ) divide, with the presphenoid, these vacu- 
ities from each other ; the diverging fore ends of the pterygoids join 
the x)alatal and palato-maxillary boundaries of the posterior nostrils 
{imlato-nares). As in the Triassic Dicynodonts and later Crocodilia, 
the i)alato is toothless. 

The mandible is deep and strong ; the rami coalesce at the sym- 
Xdiysis ; but the sutures between the constituents of the rami are 
retained, those, for example, between the dentary (32), the angular 
(30), and surangular ( 20 ) (figs. 1 A 3). 

The angle of the jaw is not produced, as in the Crocodile, beyond 
the articular element ; in g.neral shajic and bony strength the man- 
dible of G((.lesaiirus resembles that of a Mammal. 

The dentition of the j)reHeut sj^ecimen is in a state of preservation 
so much better than in the ty^je (Jalesaur, as to call for the present 
description and illnsti. -ons. 

The series of nx)])cr molars of that fossil {op. at. j)!. xviii. fig. 7) 
were restored as to number in jd. xviii. from remains of the inner 
enamel-coating of parts of the crown and of the fangs of teeth of 
the upper jaw. The oj)posing molars of the lower jaw afforded 
further indications of molars, and better ones of the canines and 
incisors. The laniariform character of tho canines, their number, 
position, and redative size, clearly indicate th. resemblance of these 
teeth to their homologues in the carnivorous Mammalia. 

In lh(^ subject, of the present paper the entire (;rown is preserved 
in four of tho iipj^cT molars ; tho enamelled portion, or crust, shows 
less length and gre^ater breadth than a^q^ears in tho above-cited 
restoration (1S70), in which x^firt of the ])roserved fang is included 
in the restored outline of tho crown. In the j)erfoct molars of the 
X)resent sjjecimen (fig. 1) the crown shows less length and greater 
breadtli than in the previous restoration ; it is moderately convex 
externally, triangular, with the base flanked by a short ensj) before 
and behind ; the corresx)onding margins of the crown are finely 
crcnulate, as in the molars of Oi/nodraco {ojt. cit. pi. xvii. fig. 6) and 
Lycosaarus (pi. xv. fig. 5, op>. vit.) An enlarged outline of a perfect 
ui)i)er molar is now given in Id. I. fig. 4. Tho incisors with longish, 
slender, 8imi)lo-x)ointed crowns are eight in number in both upper 
and lower jaws, four in each jmemaxillary oi)i)osed or partially 
interlocking with the same number in each mandibular ramus ; 
they show a slight increase of size from tho first to tho fourth. 
The canines (fig. 1, c, c'), one on each side of both ui)por and 
lower jaws, have the same laniariform shape and size of crown 
as in the original fossil of Galesaurus {loc. cit. pi. xviii. fig. 7, c). 

A corresponding intersi)ace for reception of the crowns, the moutli 
being shut, breaks the dental scries. In the right maxillary bone 
the long, deeply implanted root is exposed ; the corresponding i)art 
of the lower canine is similarly exposed in tho left mandibular 
ramus. The sum of these characters is shown in the side of the 
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skull selected for the profile -view in fig. 1, PL I. Ko trace of 
snocessional teeth, as in ordinary Saurians, has been discovered. 

Crocodiles and Alligators, both existing and extinct, have two or 
more teeth of canine proportions on each side of both upper and 
lower jaws, the largest and most conspicuous being developed from 
near the middle of the dental rank* * * § ; but these teeth difier in shape 
from those of Mammalian Carnivores and Galosaurs, have thicker 
crowns, subcircular in transverse section, chiefly differing in size 
from the smaller teeth before and behind them. A similar character 
and disposition of destructive canines is shown by the fossil jaws of 
the Oolitic great extinct carnivorous Saurians — Megalosaarus^ for 
exami>le. In the Triassic l^abyrinthodonts the destructive and pre- 
hensile laniarics occupy the foremost end of the dental series, arc 
four in number, two on each side, and by position in the lower 
jaw would rank as incisors ” rather than canines t- 

In the poisonous Snakes the canines, in number and position, 
resemble those in the upjjcr jaw of carnivorous Mammals, but are 
limited to that locality, and have the well-known modifications of 
structure and attachment in purposive relation to the infliction of a 
venomous wound 

As a rule the dental series, in existing Lizards, shows teeth of 
nearly uniform shai)e, and either similar in size (see figs. 1, 2, 3, 4, 
pi. Ixvi., ‘ Odontography,’ vol. ii.), or gradually increasing, chi(dly 
in breadth of crown, from before back-wards (hgs. (>, 7, loc. cit.). 
Moreover the cement-clad roots contract bony union with the jaw- 
bones, both upper and lower ; whilst in G alcmnrvfi the i eeth, besides 
being distinguished, as in Mammals, by their differential character 
as incisors, canines, and molars, arc inijdanted freely in sockets of 
due depth, the cold-blooded characters being manifested solely by the 
greater number of teeth following the canines, and by the absence 
of those developmental and formal distinctions which enable the 
naturalist to classify them, in Mammals, as “ prcmolars ” ajid 
“ molars.” 

Here, however, I may remark that some extinct Mammals of the 
Oolitic period have retained the earl-^r Jleptilian character of the, 
geologically^ older subject of the present communication. I refer to 
the excess of number of the molar teeth in Amphltlierhim. (Lrit. 
Loss. Mammals, 8vo, 184(), p. '2\). iig. 15, p. d4. fig. KJ), a character 
still retained in the existing Australian Gah'saurus 

also resembles that aiid other Marsupials § in the number and 
relative size of its upi)er incisors, -while retaining the same number 
below. 

One cannot rise fiom these comparisons without speculating on 
the association of the degree or mammalian dental resemblances 
manifested by the teeth of the old Triassic lieptile at the sonthern 

* ‘Odontography,’ toI. ii, (Atlas), pi. 75 a. figs. 1 & 2. 

t Tmn. cit. pi. 63 a. figs. 4 & .5. 

I Tom. cit. pi. 63. figs. 8, 9, 13. 

§ Tom. cit. pi. 98. fig. 1, Thylxicimis , fig. 2, Dasyums ; fig. 3, Phcxscogale ; 
fig. 4, Myrmecobius. 
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end o£ Africa with the excoptional incisory and molary characters 
of some of the low Australian forms of Mammals still in existence 
at the Antipodes. 


EXPLANATION OF PLATE I. 

Skull of Galesaurus plan-wepSy Ow. 

Fig. 1. Side view. 

2. Top view. 

y. Base view, 

4. Magnified view, outer side, of molar tooth. 

(AU the figures, save 4, are of the natural size.) 

Discussion. 

The President referred to the slnlfnl work of the masons in the 
British Museum, under the able direction of Mr. William Davies, 
and was glad to find that the Author's previous suggestions as to 
structure were fully confirmed. 

Mr. Cruttwell questioned the Triassic age of the South-Afri(tau 
beds in question. They were in conformable sequence to beds full 
of undoubted Carboniferous fossils. Might not (JaUsdurus rank as 
a CJarboniferous Amphi biau ? 

Prof. SiiiiLEY remarked on the admirable description of this 
species which the Author bad givam, and regretted that he was un- 
able to concur iii tlie conclusions as to its classification. He con- 
tended that the term Thoriodonlia used for this animal and its allies 
was based on rcHemblances of analogy which did not imply affinity, 
and that other repiile types had as good a claim to he termed 
Theriodont from resemblances to oilier maniinalian forms of den- 
tition, and it would he absurd to ijistitute ordinal groups for them. 
He maintained that the developed tooth in 11 le position of a canine, 
in those fossils, was not a character on which an order could he 
based. Spencer’s investigation of the organ resembling an eye 
which occiques the jiarietal foramen gave now interest to its pre- 
sence in the fossil, hut the eliaracter was not Tliei’ioid. In the con- 
struction of the ])alatc lie found no ditl'ercnee of jdan from the 
other Anomodoiitia. There were ditfercnces from Lizards in the 
mode of union of the pterygoid hones with the sphenoidal mass ; 
hut the fossil showed no distinctive type in this region. He urged 
that the mammalian resemblance noted in the form of the brain- 
case was ecpially delusive ; for although Procolojjhon was far from 
being tlio nearest ally of Galcsaurus, he thougiit the resemblance 
between them in the fore part of the skull, in the divided narea 
and forms of th6 hones, justified him in saying that there was no 
more difierenee bet ween those genera than differentiated, in another 
order, the Cholonian genus C/tUra from the Sea-Turtlo, Chelone. 
He therefore considered it unfortunate that an ordinal group, 
Theriodontia, should have been instituted for these Anomodonts. 

Prof. T. Kupert Jones said that the Stormherg bods, in which 
the Galesaurus is found, lie somewhere between Palmozoic and 
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aaa.d.\i® \i\B 4a\]L\sfe& Ea to th© Palfieozoic fossils 

which were alleged to have been found. 

Mr. Li^ekjcbb confirmed the remarks of Prof. Seeley, and ex* 
pressed his regret that Sir R. Owen had not described one other 
specimen in the British Museum. It would be sufiicient to regard 
these fossils as constituting a suborder only. 

Dr, Woodward thought that thanks were due to Dr. Exton, and 
remarked on the difficulty of getting specimens from Bloemfontein ; 
exchanges of this kind were valuable. He instanced the acquisi- 
tion of Tritylodon and fish-remains not previously known. He 
differed as to the Carboniferous age of the beds, and considered that 
the Trias would represent the extreme of their possible antiquity. 

Dr. Blanpord said that he had protested against the term Triassic 
on the last occasion when Sir R. Owen had described a mammalian 
skull from the Stormberg beds, and he still thought it a matter for 
regret that these interesting fossils were definitely assigned to a 
particular geological system, although it was notorious that the 
evidence of age was far from clear. The speaker pointed out that 
some remarkable similarities in Indian beds, and the asserted pre- 
sence in the Stormberg beds of plants common to the Jurassics of 
Australia, indicated that the beds from which Odlesaiiirus was ob- 
tained were at least as likely to be Jurassic or even Neocomian as 
Triassic. 

Mr. Crttttwell referred to the abundance of Carboniferous plants 
which might be observed at New^castle and Dundee, in Natal, and 
he repeated that the Karoo beds maj’^ be seen to overlie these in 
sequence on the route from Camden to Praetoria. 

The President regretted that the Author, through illness, w^as 
not able to he present to reply to the criticisms as to the systematic 
position of these forms and the geological ago of the beds in which 
they occur. 
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2. The Cetacea of the Suffolk Ckag. By R. Lybekkeb, Esq., 
B.A., F.G.S., &c. (Bead November 3, 1886.) 

[Plate II.] 

The fossil Cetacea of the Suffolk Crag have already formed the 
subject of several memoirs and papers, although no complete 
treatise has as yet appeared on the whole group. Of the more 
important memoirs the earliest is one by the late Prof. Henslow, 
which appeared in the Society’s ‘Proceedings’ for 1843* * * § , and con- 
tains a description by Prof. Sir B. Owen of four specimens of the 
tympanies of the Bahmvidm, In Sir B. Owen’s ‘ History of British 
Fossil Mammals and Birds ’ (1846) these specimens are again de- 
scribed, and the genus Balamodon is founded on the evidence of an 
imperfect tooth. In 1864 Prof. E. Bay Lankester t published a 
jjaper on Crag fossils containing a notice of some delphinoid remains ; 
while in another memoir, which appeared during the same j^ear 
in the Society’s ‘ Journal Prof. Huxley described the rostrum of 
one of the Zii>hioids under the new generic title of Belemnozijrthius, 
In 1870, Sir B. Owen contributed a monograph of the Ziphioids to 
the Palaeontographical Society ; and in the latter part of the same 
year Prof. Lankester § published the description of a rostrum be- 
longing to the same group. Finally, in 1884, Prof. Flower, in part 2 
of the ‘ Catalogue of the Vertebrata in the Aluscum of the Boyal 
College of Surgeons,’ i3rovisionally referred a considerable number of 
tympanies of Baltrnidcp b) the four species determined by Sir B. 
Owen, without entering into the (luestion of the correctness of the 
generic determination. Two specimens were, however, regarded 
as distinct from all these four 8i)ccies ; one of these was referred to 
Balcena and the other to Balcenoptera. Some incidental references to 
Crag Cetacea occur in the works of foreign pala3ontoiogi8t8, which 
need not bo definitely quoted. 

In the course of preparing the ‘ Catalogue of the Fossil Mammalia 
in the British Museum,’ I have been led not only to examine every 
specimen of the remains of Crag Cetacea contained in that collection, 
but have also examined the collections of the Museum of the Boyal 
College of Surgeons, of the Museum of l^ractical Geology, and of 
the Ipswich Museum ; and I have also paid a visit to the Brussels 
Museum in order to compare the unrivalled collection of Pliocene 
Cetacea contained in that institution with the English specimens ||. 

* Proc. Gool. Soc. vol. iv. pp. 283-286. 

t Ann. & Mag. Nat. Hist. ser. 3, vol. xiv. p. 3.56. 

X Qnart. Journ. Geol. Soc. vol. xx. p. 388. 

§ Jbid. vol. xxvi. p. 602. 

II I desire to express my obligatioua to the Director-General of the Geolo- 
gical Survey, and Mr. E. T. Newton, of the Museum of Practical Geolo^, to 
Dr. J. K. Taylor, of the Ipswich Museum, and to the Director and M. L. Dollo 
of the Brussels Museum, for their courtesy in placing the collections under 
their charge at my disposal, as well as for tho opportunity of borrowing some 
of the most important specimens. 
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As the result of these extensive comparisons, I have been able not 
only to add a considerable number of species to the British fauna, but 
to make several important emendations in regard to nomenclature, 
and also as to the affinities of certain forms which have hitherto been 
but very improperly known ; and I have accordingly thought it 
advisable (with the permission of the Director and the Keeper of the 
Geological Department of the British Museum) to bring these results 
in a collective form under the Society’s nolice. I think I may be 
congratulated that I have not found it necessary to make any new 
species. 

Before proceeding to the descri]>tive part of the paper it may be 
advisable to state that my own observations fully confirm the con- 
clusions arrived at by Prof. Lankoster, as to the essentially Dieetian 
affinities of the Knglish Crag Cetacea. In the Coralline Crag the 
specimens are usually met with in an unrolled condition ; and 
although the remains found in the bone-bed at the base of the Bed 
Crag arc much rolled and water-worn, yet specimens belonging to 
the same species are found occasionally in the upper portions of 
that deposit, iii a more or loss uninjured condition, which clearly 
proves that such species wore inbabil ants of the Ifiiocone sea during 
the deposition of the Bed C!rag. AVith tliese introductor}' remarks 
the consideration of the fossils themselves may be undertaken 

Baler nida ’. — (hmmoncing with the Balmnine section of the lamily, 
it appears to me to be advisable to include in the genus Balivna 
botli Balirnotm and Bahru ala. of Yan Benoden, as ihese forms seem 
to be nothing more than primitive Bight Whales, in which the 
anchylosis of the cervical vertebrfo had not attained the full develop- 
ment characteristic of the existing forms. Of the four tympanies 
described by Sir B. Owen in the fourth volume of the Society’s 
‘ Proceedings,’ and in the ‘ British Fossil Mammfds and Birds,’ under 
this generic designation, the only one that really belongs to Bahama 
is B, ajfiuis. The type-tympanic is not of very large size, hut there 
are specimens in the British ISruseum {e.g. Ko. *46681 ) corresponding 
in form which indicate. a species fully as largo as, and apparently 
closely allied to, the Greenland AVliale ; there are similar specimens 
ill the Brussels Museum which have been referred to 7i. primhjenta^ 
Yan Beneden (a reference which, if correct, would indicate that the 
latter name is a synonym of 7^. hut which differ from tvjucal 

tj mpanics of that species. Tlic tymj»anic of B, affinis is characterized 
by its elongated sha])e and flat anterior surface, 'its nearly straight 
inferior border, which is approximately parallel with llie superior 
border of the inner wall, the height of the inner wall at the Eusta- 
chian part of the aperture, the produced antero-iiiferior angle, and 
the slight thickening of the involuerum t. 

In addition to this type of tympanic the Bed Crag contains nu- 
merous examples of the tympanies of other large Whales, which in 
their convex inferior border, absence of a produced antero-inferior 

As the references to the noroonclaturo will be given in the British Museum 
Catalogue, it "w ill be unnecessary to quote them in this paper, 
t The reflected superior portion of the imier wall. 
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angle, and the comparative lowness of the Eustachian portion of the 
aperture agree with the existing Whales of the southern and tem- 
perate oceans (^B, hiscayensis and B. australis). Verj' great variation 
in respect of certain details is found in this t^’^pe of tympanic, the 
difference between extreme examples being so great that if we had 
only a few specimens to deal with, it would be necessary to refer 
them to more than one species ; but in a large series it is found 
that these variations apparently pass impcrce})tibly into one another, 
and all the forms are therefore provisionally referred to one species, 
which is B. primiyetiia of Van Beneden. In the typical form of 
tympanic which ^ve may call variety A, the inner wall is very 
high, its superior border oblique, the flattening of the anterior sur- 
face extending nearly or quite down to the border, the involucrum 
considerably thickened, and the inferior border somewhat angulated. 
There is a very perfect immature tympanic of this specimen in the 
British Museum (No. dOG-Sb), which was identified several years 
ago by Brof. Van Beneden, and there are others in the Atuseum of 
Practical Geology, and in the Ipswich Museum, and one fine example 
in the ^luseuin of the College of Surgeons (No. 2831). By the 
courtesy of Mr. Colchester, of Ipswich, T figure (woodcut, fig. 1) a 

Eig. 1. — Balama priinigc iiia, Van B<!u<’cl(.n, ?;ro*. A. Hie imperfect 
right tympanic ; from the Jicrt Crag. Half nat. size. 



specimen of a right tympanic of this type, which has not been 
subjected to rolling. In this specimen (of which a cast has been 
taken by IMr. ColchestePs permission for the British Museum) the 
obliquity of the superior border of the inner wall is only moderate. 

In the form which may be called variety B, of which there is a 
very fine example in the Museum of Practical Geology (PI. 11. figs. 
1, irt), the oblicjuity of the superior border of the inner wall is 
excessively developed, although most of the other characters are 

* See Van Beneden, Ann. Mus. R. Hist. Nat. Belg. vol. iv. pt. 2, pi. xix. figs. 
1 -4 and 9-12. 
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similar to those of the type form. This very remarkable type of 
tympanic presents an approximation to the still more remarkable 
tympanic of the genus Neohaloena, the resemblance being so decided 
as to indicate the probability of there having been a genetic connec- 
tion between the two forms. The form which I note as variety C 
is represented by a tympanic in the llritish Museum (No. 40085), 
which, while agreeing in many respects with the type-form, is 
distinguished by its extreme lateral compression and the total 
absence of au}' thickening of the involucrum. 

The last variety, which we may term D, is characterized by 
the lowness of the inner wall, the parallelism of its superior border 
to the long axis of the bone, the slight downward extent of the 
flattening of the anterior surface, and the absence of any distinct 
angulation of the inferior border. There is a fine example of this 
form in the llritish Museum (PI. II. figs. 2, 2a), and a smaller one 
in the Museum of Practical Geology. It is not always easy to dis- 
tinguish between some of the smaller tA miianics of this tyiic and 
those of insicpiis ; but those of the latter are usually more inflated, 
thicker inferiorly, and with a distinct angulation of the inferior 
border. Tympanies agreeing with those of K. {JSahmoiut^) infiiyniH 
and B, {Bolaintda) halano^mis. Van Peneden, occur in the lied Crag ; 
and the British Museum possesses an atlas vertebra (No. M. 3B42) 
from the Coralline Crag refeiTed by Professor Van Beneden to the 
latter species. Both these Whales are of small size, but 71. halivu^ 
ojpsis is the smaller of the two. Prof. Van Beneden inentions 
certain structural differences by which the tympanies of these two 
species can be distinguished ; but I confess that I was unable to 
satisfy mj^self of the validity of such distinctions from an exami- 
nation of the tj^jc specimens in the Brussels Museum : in naming 
the Crag specimens, I have been forced to content myself with 
referring the smaller ones to B. halcenopsis, and the larger to B. in- 
signis ; and it is difficult;, in the case of some immature specimens, 
to say whether they may not belong to young individuals of the 
larger species. There is a very beautiful example of the right tym- 
panic of the former si^ecies, which wa obtained from the Bed Crag 
of Woodbridge, preserved in the Ipswich Museum. The tymiJanic 
of B, insignis frequently exhibits a flattening of the inferior surface 
which recalls the structure obtaining in the following section. 

In the Balmnopterine section, which is characterized by the absence 
of anchylosis of the cervical vertebra) and the more inflated and 
rounded tympanic, in which the Eustachian channel is usually well 
defined, it may be observed that a very large number of genera and 
species have been founded by Prof. Van Beneden on the evidence 
of remains from the Antwerp Crag. Some of these forms have not 
yet been figured, and their names are therefore little bettor than 
MS. ones ; while in those which have been fully desciibed it appears 
to me that some of the generic divisions arc unnecessary, and I 
cannot help thinking that in certain instances some of the forms to 
which specific names have been applied are not imx^robably only 
individual or sexual variations ; but as it is impossible to prove this. 
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I cannot but adopt such species*. In regard, however, to the 
names applied to two of these species, it is necessary to replace 
those given by Prof. Van Beneden by the earlier Owenian ones. 
It may be added that the great number of species in this section 
renders the specific determination of detached vertebrae in many 
instances a matter of great difficulty and uncertainty ; and it may 
also be mentioned that owing to the more fragile nature of the 
outer wall of the tympanic in the llorquals, fairly perfect specimens 
of these bones are much less common in the Ited Crag than in the 
case of the Itight Whales. 

In the genus Metfaptera (in which the tympanic is more ij\fiated 
and its involucrum more pear-shaped than in }ialamopt('ra) we may, 
I think, certainly include the genua Burtinopsis of Van Bencden, 
which has been described as intermediate between Megaptera and 
Bal(vnop)tera, although the tympanies figured b}’ Van Bencden f are 
undistinguishahle in structure from those of Megap^tera hoops. To 

(.gaptera affitiis. Van Bencden, I provisionally refer an immature 
right tympanic (PI. 11. figs. 4, 4 r/) from the Coralline Crag, which 
is preserved in the Museum of Practical Geology, and in its blunted 
anterior (extremity agrees very closely with the larger example 
figured by Van Bencden in the Ann. Mus. It. Ilist. Nat. Belg. 
vol. vii. pt. 3, pi. xliii. figs. 1 , 2. 

A left periotic, from the lied Crag, in the British Museum (No, 
39020), from the narrow and elongated form of the j>ortion containing 
the semicircular canals, evidently belongs to the present genus (as 
distinct from Balamoptera and Cet other iuyyi^ ; and as it is apparently 
adult, and much smaller than the corrc^sjionding bone of M. affinis 
figured by Van Beneden in the Ann. Mus. It. Hist. IS! at. Belg. 
vol. vii. x)f* ^5 pl- s:lii. fig. 4, and is apparenth^ too large for M. 
(^Jiurimojisis) minuta^ Vhin Beneden, the probability is that it belongs 
to the somewhat larger M. {Biirtinopysis) sinnlis. Van Beneden. 
The small M. minuta is represented by a nearly perfect left tympanic 
(PI. II. figs. 5, b a) from the Coralline (hag, which is preserved in 
the Ipswich Museum, and agrees exactly with the tym]>anic figured 
by Van Beneden, cit. pi. xcvii. figs. 9—11, under the name of 
Bvrtinopsis. Except by its smaller size, the English specimen can 
scarcely be distinguished from the tympanic of the existing M. hoops. 

To the genus Bahtmopyiera belongs the so-called Bahvna dejinUa^ 
Owen, of which there is a ftiirly perfect tympanic in the Ipswich 
Museum (PL II. figs. 3, 3 d). This specimen agrees exactly with 
the imperfect type tympanic (of which a cast is j^reserved in the 
Museum of the College of Surgeons t) ; and as it differs from tlio 
corresponding bone of B, Goropi^ Van Bencden, by its larger size, its 

* In many inetancea’it does not appear to mo by any means certain that the 
vertebroe belong to the same species as the tympanies, and it is therefore advisjiblo 
to regard the latter as the types of sucli species. 

t Ann. Mus. R. Hist. Nat. Belg. vol. vii. pt. 3, pla. Ixxxix. & xcvii. The 
recent tympanic figured in pi. Ixxxix. figs. 15, 16, under the name of BaUenerptera 
antarctica^ certainly belongs to Megajitera hoopa, and might have been drawn 
from a specimen in the British Museum (No. 2.76. 10. 18). 

I Nos. 2805 and 2832 in the same collection belong to this species. 
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greater inflection, greater height of the inner wall, smaller depth of 
tile Eustachian notch, sharper posterior angle, and more gibbous in- 
voluorum, there is little doubt of its specific distinctness, and every 
probability of its being identical with the so-called B, Sibbaldina, V an 
Beneden, of which the tympanic has been hitherto unknown. This 
is confirmed by a very fine late cervical vertebra from the Red Crag 
in the Ipswich Museum, which corresponds exactly with the type 
specimens of the latter form in the Brussels Museum. The rather 
smaller B. Ooropi^ Van Beneden *, is represented by an imperfect 
tympanic from the Red Crag, in the British Museum (No. 390161, 
and probably by some vertebrae in the same collection. Of the still 
smaller B. borealiwt. Van Beneden, there is an imperfect tympanic 
(of which the British Museum has a cast) in the li)swich Museum, 
from the Red Crag, as well as two similar specimens in the British 
Museum (Nos. 3907-8). The next form is that named by Owen 
Balcmia emarginata (with which B. yihbosa, Owen, ax)l)ear8 to be 
identical t), which is represented by several tympanies in the Museum 
of the College of Surgeons J, and by one in the British Museum 
(No. 39016 a); these specimens are absolutely un distinguish able 
from the tympanies found in the Antwerp Crag, which Van Beneden 
has named Balamoptera rosiratella, a name which must give jdace 
to the earlier one ajiplied by Owen, so that the species must be 
known as Bdlamoptera cmar<jhinl<t. 'With regard 1o the genus 
Plesiocetiis of Van Beneden, I think it advisable to adopt Brandt’s 
view of including it in his genus Cctoilurimn, with which lletero- 
c€tv^^. Van Beneden, may also a])i)arent]y be grouped. Tlio 
tympanic is readily distinguished from that of Batamopiera by its 
anteriorly j)ointcd form, Ibe triangular sba])e of the rouglicned 
inferior surface, and tlio less flat tened iuvoluorum. To C. Br 'uthnonti 
(Van Beneden) I refer an imperfect axis-vertebra from the Red 
Crag, in the British JMuscum (No. 4()734) ; Avliilo the smaller C, 
duhium (Van Beneden )is represented bj^ tu o im])('rfect tyTn])anics in 
the Museum of the College of Surgeons (Nos. lib 52, A and B)ji, and 
probably by some periotics in the British Museum (e. ry. No. 3l)lf61). 
Some vertebra; in the latter colk‘efion ''rohahl}" belong cither to this 
species or to O. Bartini (Van Beneden) ; while others AAhich belong 
either to the latter or to (\ Jlvpsvfii (Van Beneden) I have 
provisionally’ referia d to the last-named species. The still smaller 
G, hrevifrons (Van Beneden^) is represented by an axis-vertebra 
in the British, and another in the Ipswich ^luseum, while it is not 
Syn. B. mnsouloidcii, Van Benedon ; (lie reasons for adopting llie former 
name will be given in tlic Cat. Voss. Manim. JJrit. Mus. pt. v. 

t The form of the iiivolucrum on which Owen distinguished this second 
species alters with age. 

f !Nos. 2822- 282h. Some of the other specimens included under the same 
head are distinct. 

§ This is really not more than a MS. name. 

II These numbers do not appear in the published ‘ Catalogue/ but have been 
entered in MS. by I)r. Oarson in the Museum copy. 

^ Syn. Jieitrocetus brevifrorin. The type sj>ec’]menH are not figured, and I 
have identified the English examples by comijarison W’ith those in the Brussels 
Museum. 
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improbable that a small tympanic in the latter collection may also 
belong to this species. A tympanic from the Red Crag, in the Museum 
of Practical Geology (represented by a cast in the British Museum), 
indicates the occurrence of Herpetocetus sccddiensis. Van Beneden, in 
this country, and No. 2816 ^ in the Museum of the College of Sur- 
geons is a second example. The tympanic of this genus (which exhibits 
some affinity in the structure of the mandible with the Physet^idm) 
is readily recognized by its egg-like shape, the small and sharply 
defined involucrum, and the filling-up of the anterior portion of the 
cavity by osseous matter. 

Physeterulce. — In the Physeteridxje the periotic t (which, as in the 
other families of the Odonto€eti, is not anchylosed to the tympanic) 
articulates anteriorly by a smooth facet (a, PL II. fig. 6) with the 
tympanic, and posteriorly is broad and has a distinct median longi- 
tudinal ridge (?>) on the same face for articulation with the free 
border of the latter bone. The genus Eucelds, Du Bus, which 
ai>pears to be allied in dental characters to Phy^eter^ is represented 

Fig. 2. — Eucetua amhlyodon, Du. Ban. The left periotic ; from the 
.Red Cray. Two thirds nat. size. British ^liiscum (No. 
27851). Letfers as in Plate 11. 

d 


I 


in ncaidy all Crag collections by many teeth, which belong to the 
type species E. ambhjodon ; the cenifuit is of great thickness, the 
dentinc-coro fusiform, and the osteodentine nodular. I provisionaJly 
refer to this species 4: a large left periotic in the British Museum 
(woodcut, tig. 2), which in the partial production of its posterior 
extremit}’^ more nearly resembles the periotic of Hyperoodou than 

* Entered in the Catalogue under the head of Balmna defmita. 

+ While tlie tympanic is the most characteristic bone in the Balcemda; . the 
periotic (which is more commonly preserved in the fossil condition) is tlie one 
affording the best generic characters in the Phf/.scterid<<e and JJelphinid^e. 

I On accjount of its large size and the circinlistance that teeth of EuccUia are 
much commoner than those of Balcenodon. 
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that of Physeter^ and thus, if rightly referred, confirms the generic 
distinctness of the present form from the latter. The small Homo- 
cetus ViUersi, Du Bus, is, I believe, represented by a tooth from the 
Red Crag, in the British Museum (No. 49900), and not imx>robably 
by other teeth in the Ipswich Museum. 

I now come to the genus Balmnodon^ Owen, which was founded 
upon an imperfect tooth, whose affinities have given rise to much 
discussion In describing the type specimen, Owen regarded it as 
a segment of a complete tooth, and described the central axis as 
dentine, and the outer coat as cement ; but a comparison with teeth 
in the Brussels Museum, to which Du Bus apidied the name of 
Scaldicetna Carreti, has shown that the cement has entirely dis- 
appeared, and that the axis is really the ossified xmlp-cavity, and 
the outer coat tlie dentine. The Rnglish specimen is specifically 
identical with the Belgian ones, and the name Bdlftmoclou must 
therefore supersede Scaldiceius. The comj)lete teeth of the genus 
have tljeir crowns tipped with enamel. Of the allied Imt smaller 
genus J*hifsodon 't, (iervais, there are teeth in the British Museum 
from the Red CJrag corresjiouding to those of P. yrandis (Du Bus), 
while one imiierfect tooth (No. 44109) may not imju’obably belong 
to P. fusiformis (Du Bus). The genus Hoplocetus comx)rehcnds 
other Bhyseteroids with enamel-tipped teeth, which are characterized 
by the excessive thickness of their cement and the presence of a 
constriction at the base of the crown. Certain worn (and pro- 
bably derived) teeth from the Red Crag in the British Museum and 
other collections ai)pcar to indicate the occurrence of the Miocene 
H. vrassklens, Gervais, while others may be referred to the Dicstian 
i/. horyi'lumtensis^ Gervais, and others, again (more doubtfully), to 
IT, curvidenii of the same epoch. 

In the Zixhiine subfamily JTyperoodon is rej)rescnted by a very 
jK^rfect rigid' from the Red Crag in the lx>swicli Museum 

(PI. II. fig. 6). This specimen, which has the accessory ossicle (r) still 
attached, cannot be distinguished from the corresx)onding bone of 
the existing H. rosiratvs, and evidently hidicates the existence eitlier 
of that or of a closely allied foim in the I'liocene ; the occurrence of 
cervical vertebrae of a member of this genus in the Antwerp Crag has 
been recorded by Prof. Van Beneden f:. The genus Cl tone zi pi bins, 
which appears to be in some respects intermediate between Hyper- 
oodon and Mesopdodon ^ and difiers from the latter by the non- 
ossification of the supravomcrino cartilage, is represented by the 
typical (7. (Cuv.). The m-ooSloiX Ziphms planus ^ Owen, 

also belongs to the same genus, but the tyj)c specimen of that species 
is not sufficiently perfect to determine whether ChonezijiliiusFackardi,^ 
Lankester (which is of rather later date), is really entitled to specific 
distinction. 3 refer to this genus a left x>erioti"' (PI. II. fig. 7) from 
the Red Crag, preserved in the Museum of Practical Geology, which 

* Gervais identified Bal<Bnodan with Hoplocetus, while Van Beneden and 
Bankester thougnt it might be a Squalodon, 

t Syn. PalcB^^his, Du Bus. 

$ Bull. Ac. B. Belg. ser. 2, vol. x. p. 407 (1860). 
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is intermediate between the corresponding bone of Ilyperoodon and 
that of Mesoplodon, and accords well in relative size with the 
present genus. This bone (in which the accessory ossicle (c) is absent) 
is nearer to that of Mesoplodon than to Ihjparoodon^ but approaches 
the latter in the shortness of the posterior extremity, the large size 
of the cavity for the accessory ossicle, and the great development of 
the longitudinal ridge (5) on the tympanic aspect of this portion ; 
the anterior articular facet («) for the tympanic is also less concave 
than in Mesoplodon. The latter genus may bo taken to include both 
Bclemnoz'ipliius of Huxley and those Crag species placed by Owen in 
Zipliiits which do not belong to Chonezqdf^^us, With regard to s])ecics, 
the identity of Owen's Z. medilhieatus with Dioplodon liecan% 
Oervais, of the Antwerp Crag, has been shown by the latter writer; 
and as my own observations in the Brussels Museum fully contirm 
the view expressed by D\i Bus as to the identity of the latter with 
Ziphius lomproatf^is, Cuvier (the locality of the typo specimens of 
which is unknown), I think we can have no hesitation in adopting 
the name of Mesop7odon lonpirofttns for this species, which agrees 
in size with the existing il/. mistralis. A loft periotic (PI. II. fig. 8 ) 
belonging either to this or one of the equal-sized species, is preserved 
in the Jermyn-Street Museum, and is almost undistinguishable from 
the corresponding bone of M. avstmlis ; the accessory ossicle on 
the posterior portion of the tympanic asj)ect is absent in the fossil. 
The characteristic features of the ]>oriotic of Mesoplodon are the 
production and i)oiuted extremity of the posterior portion, the com- 
paratively small vertical height of the longitudinal articular ridge 
on the tympanic aspect of the same, the small size and oval shape 
of th(‘. accessory ossicle, and the doc]> transverse concavity of the 
aiit/orior articular facet for the t 3 ’mpanic. The other described Crag 
species are M, feiiidrosfris (Owen), M. f/ibbns (Owen), A7. anf/icstus 
(Owen), M. (Oif/uJatus (Owen), and M. cornpressits ^ (Huxlej’) ; and 
to these may })orhaps he added a form of which there is a rostrum 
in the Ipswich Museum to which the MS. name t)f M, Flowcri has 
been applied hv Mr. Canham f. 

^(jif(dod(yiitidiv. — The (^rag Squalodon, of wliich there are several 
molar teeth in the Ipswich Museum, may in all probability, as Prof. 
Ijankester suggests, be identified with the large IS, antLverplensis^ 
Van Beneden. 

I)eJphi7i{da\ — The periotic of this family (PI. II. fig. 11) is distin- 
guished hj'^ the grooving of the anterior facet (ct) for articulation 
with the tj^mpanic, and the narrowness of the posterior tympanic 
surface, on which the ridge for articulation with the free borcler of 
the t 3 ’m])anic is ill-defined and situated close to one edge. Tlie 
occurrence in the lied Crag of an Orca considerably^ smaller than 
the existing O, c/ladtator is indicated by a right jieriotic (PI. II. fig. 9) 
in the Museum of Practical Geology, and by an unworn and very 
perfect tooth (PI. II. fig. 1 0) collected by Dr. J. E. Taylor and preserved 

*•' Pelemnoziphius com^yressus^ Huxley, appears identical with Ziphius com* 
pressus, Owen. 

t See Flower, Cat. Vert. Mus. B. Coll. Surg. pt. 2, p. 5G2 No. 2915 (1884). 



16 MB. B. LrDEKKEK ON THE CETACEA OF THE SUFFOUC CKA(?. 


in the Ipswich Museum. The periotic agrees very closely in structure 
with a specimen of the corresponding bone of 0, gladiator in the 
Museum of the College of Surgeons, and accords in relative size with 
the tooth. As I am unable to distinguish the latter from the teeth of 
the small Orca citome'Hfiis, Capellini*, from the Pliocene of Italy, I am 
disposed to refer the English form to that species. The next form for 
consideration is that to which Prof.Lankestcr f applied the name /Ml- 
jdmiKS uncidens (the generic term being used in the Linncan sense), 
with which D, orcoides of the same author may be, united, since the 
larger teeth to which the latter name was applied are merely the 
hinder ones of the same species. Some confusion occuis in the 
description of the larger teeth, since they arc stated to agree in 
size with those of Vseadorcti and Orca it, whereas they really corre- 
spond in this and other respects with those of CJlohicc^dialns^ to which 
genus they may be referred. The evidence for tliis reference does 
not, however, depend solely lipoii the teeth, since tlierc is in the 
Britivsh Museum a very beautiful associated left periotic and tym- 
panic from the Coralline Cr/ig( the former bone being represented in 
PI. II. f]g. 11), which agree j^recisely in size with the corresponding 
bones of G, melas^, and only present slight strnclmral differences of 
specific value, llolled i)eriotics and tympanies of this type aro of 
extremely common occurrence in the Bed Crag, an exam})le of the 
former being reju’esented in pi. viii. figs. 2, of Ihof. Lanlvoster’s 
memoir. To render the foregoing evidence absolutely conelusive, the 
British Museum ])ossesse8 a lumbar vertebra (No. 28271) from tho 
Bed Crag which is uudistinguishahle from the corresjjonding bone 
of G. melaa. There are st'VtTal less i)erfect vertehne of the same 
type in the latter collection, while sonic unnamed vertebra? in the 
Brussels Museum apparenti}" indicate the occurrence of tho same 
species in the Antwerp Crag. The hist form I have to notice is one 
indicated by numerous jicrioties and t 3 'inpanics in llio Britisli Museum 
and other collections, which indicate a Doljiliin agreeing in size with 
the ONiBtmg; lAtCfenor/iipahtis aca,f us ; 1 have not, however, been able 
to determine the genus of this type, which may include more than 
one species, and ma}" he identical with one or both of two Belgian 
species to which Prof. A' an Beneden ha^ applied the name of Del- 
phiniis Wa^ii and 1). Velannoyi (tho generic term being used in a 
wide sense). The s])eoimens in the Brussels Museum do not, however, 
include any examiilcs of tho periotic, so that I could not institute 
any comjjarison between the Belgian and the English specimens. 

I may conclude this paper with a list of the well- authenticated § 
species of Cetacea occurring in the Bed and Coralline Crag, those 
8i>ecies of which the identification is doubtful being indicated by a 
query. 

* Mem. Ac. Sci. 1st. Bologna, ser. 4, vol. iv. p. 070 (188.‘3). 
t Ann. &Mag. Nat. Hist. ser. 0, vol. xiv. p. .ToO (1804). 

X Mentioned as species of Delphimis in Prof. Lankesler’s memoir. 

I I omit a few forms which have been erroneously recorded from the Crag 
or of which the description is too vague to admit of identification. 
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Bai..®nid^. 

Balama affinis^ Owen. 

primigenia^ Van Beneden. 

iixsignis (Van Benoden). 

balc&nopsis (Van Beneden). 

Megaptera ajffinis. Van Beneden. 

? similis (Van Beneden). 

inimita (Van Beneden). 

Balcmtoptera defiaita (Owen). 

Goropiy Van Beneden. 

horLalhicty Van Beneden. 

emargitiata (Owen). 

Cetotherhun liriahnouti (Van Beneden). 

daJntim (Van Beneden). 

? HaitscJti (Van Beneden). 

hrevifrons (Van Beneden). 

/ Icrpetocet'iis scaldienslsy Van Beneden. 

PuYSETEKin^. 

Biicetuis amhlifodoriy Dii Bus. 

Mo^nocctits V^illersiy Ou Bus. 

Babenodon 'phgsaloidesy Owen. 

Physodou granflis (Du Jius). 

? fusifor7ni8 (Du Bus). 

Hoplocetus orassidens, (jl^erv’^ais. 

horgehoatc'tisisy Gervais. 

? cwrvulenH, Gervais. 

Hypet'oodoiiy sjj. 

Chotu'ziphius planirosl'rlft (Cuvier). 

— — planus (Owen). 

Packardly Ijankester. 

Mcsopludon longirostris (Cuvier). 

termlrostris (Owen). 

gihhus (Owen). 

amjastus (Owen). 

angulaius (Owen). 

coinpressms (Huxley). 

Floweriy Canham, M8. 

SaUAL-OnONTIUyK. 

Spualodon aiitwerpiensifs. Van Beneden. 

DBLPHrNID.aS. 

Orca citonieTisis, Capellini. 

Glohicephalus uncidens (Dankester). 
Delphinoid, gen. non det. 
a J. G. S. No. 169. 


o 
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EXPLANATION OF PLATE II. 

Figs. 1, la. Balcsna primigeiiia. Van Beneden, var. B. The imperfect right 
tympanic ; from the Bed Crag. Museum of Practical Geology. 

2, 2a. Balcsna pTimigeniit, Van Beneden, var. D. The imperfect right 

tyrujmnic; from the Bod Crag. British Museuro (]\o. 43399). 

3, 3a. BalcBnoptera defiuUa ( Owen). The imperlect left tympanic ; from 

the Bed Crag. I})swicli Museum. 

4, 4«. Megaptera affinis (Van Beneden). Tlie imperfect immature right 

tyuipanic ; from the Coralline Crag. Museum of Practical Geology. 

5, 5a. Megaptera tninufa (Van Beneden). The imperfect left tympanic ; 

from the Coralline Crag. Ipswich Museum. 

6. Hgperoodon, sp. The right periotic; from the Bed Crag. Ipswich 

Museum. 

7. CJioneciphius planirosfr in {Gnyr ^J’he left periotic ; from the Bed Crag. 

Museum (jf Practical Geology. 

8. Mesopdoduii {y loiigirostria [Cuv. )). I'he left periotic; from the Bed 

Crag. Museum of Prjmtical Geology. 

9. Orca citonietisis, Caj>ellini. The right periotic ; from the Bed Crag. 

Museum of Practical Geology. 

10. Ditto. A tooth ; from the Bed Crag. Ipswich Museum. 

Jl. Glohice 2 )halii}i uncidens (Lank.). The left, periotic ; from the Coralline 
Crag. British Aluscum (No. dtUioT). 

Figs. 1, 2, 3, one half, figs. 4, 5, two thirds, figs. 0, 7, 8, 9, 10, H, nat. size. 
All the tympanies are viewed from the inner and inlorior, and the periotics from 
the tympanic asfiect. a, anterior articadar facet for tympanic ; h, posterior 
articular ridge for tym^ianic ; c, accessory ossicle, or hollow for the same ; 
dy e, f mark tJie homology of the ridges and hollows in the difierent bones; 
Oy the capsule containing the semicircular canals. 

Discussion. 

Mr. Newton regretted the absence of Prof. Flower. He had 
tried to determine some of tlio s])ocimens himself, and recognized 
how very difficult a task it was. He complimented Mr. Lydckkcr 
on his work. AVith regard to the fossil Pbyseteroid teeth, he was 
under the impression that there was more cement in them than in 
recent teeth. 

Mr. Lyuekkek, in reply, said his remark as to the absence of 
cement only referred to the type specimen of Balcenodon, 
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3. Description of a Jaw of Hyotiierium:, from the Pliocene of 
India. By B. Lydekkeu, Esq., B.A., F.G.S., &c. (Bead No- 
vember 3, 1886.) 

T AM again indebted to Col. J. W. Watson, the Political Besident 
in Kattiawar, for an interesting addition to our knowledge of the 
Siwalik fauna of Perirn Island, on the western coast of India. The 
specimen in question (which Col. Watson has presented to the British 
Museum) is a portion of the loft maxilla, with the three true molars, 
of a specic^s of HifothcrUmi, which is appai'cntlj’' distinct from any 
named form. The fragment, of which an oral view is given in the 
accompanyiug woodcut, has been slightly watcr-wom, but not to 
such an extent as to damage it materially; the first molar has the 
dentine of the summits of the columns exposed by attrition, while 
the third molar is scarcely atiected by such action. The teeth carry 

llyothc'riuni ])erimensc. Vdvt of the Jfft ymt.cllhi ; from the 
Sltt'alifrs of Dr rim J.shftnL (Nat. size.) (Ihitish Museum. 
No. M. 3501.) 



Jii, I . in. li. m. 


the usual four main columns, with accessory columns on the inner 
side of the median longitudinal cleft, and have a well-marked and 
crenulated cingulum on the inner and fore-and-aft surfaces. Tlie 
crowns of the first and second molars are sipiarcd and rather broader 
than long, while that of the third tooth has its ])ostero-iuternal 
angle produced and its outer border sloping tow’ards the median line. 

The specimen may without doubt bo referred to the genus 
Hyotherlum^ in the sense in which (following the lead of the late 
Prof. Peters) I have emjiloyed that term in the ‘ Catalogue of the 
Fossil Mammalia in the British Museum and we may accordingly 
proceed to compare it with the named European t and Asiatic 

* Part ii. pp. 253-258 (188.a). 

t A partial synonymy of the more important European species is given in 
the W(jrk cited. It has been subseqi. cully stated by Br. Max 8ehlosser that 
Choarojfjotanms ateinheimensis, Fraas, is the same as //. Sar'tnmeri'tigi, 
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species of that genus, since its distinctness from the American 
forms may be taken for granted. Before, however, making this 
comparison, it is necessary to observe that I have already described 
and figured * * * § a fragment of the mandible of a Hyotlierium from 
Perim Island f containing the second true molar, which, from the 
great relative width of the tooth, 1 considered might i:>robably 
indicate a new species. Since the tooth of that specimen agrees 
precisely in relative size with the corresponding molar of the jaw 
under consideration, it may be safely regarded as belonging to the 
same species. 

With regard to the Euro]>oan species the present form is distin- 
guished from H. typum t (ranging from the Querc\ jjhospliorites to 
the Middle Miocene of Goorgensiniind) not only by its superior size 
but by the production of the postero-internal angle of the third 
upper true molar. Confining these comparisons to the larger species 
like //. JVater/iousei and //. S(einmeruif/i^ it will bo found that the 
present form agrees with the first-named species § in size, but is 
distinguished by the relatively wdder teeth, the presence of four 
distinct columns on ni.Ji, the greater development of the accessory 
columns, and the absence of an inner cingulum to the upper true 
molars. With regard to AT. Siemmerinyi jj the upper molars of our 
specimen are rather smaller than the teeth of that species figured 
by Peters in the ‘ Denkschr. k. Ak. Wiss. Wien,' vol. xxix. jd. i. fig. 1 , 
but are otherwise very similar, m. 3 of the Perim jaw" agreeing 
very closely with the specimen represented in fig. 3 of the same 
plate. The upper teeth ai)poar, however, rather wider than those 
of 11. Soem'iuerinyij and the lower molar is decidedly wider. This 
diflSerence, coupled with the improbability of a species which died 
out in Europe after the Middle Miocene being identical with an 
Indian Pliocene form, rend('rs it prol>able that the present form 
is distinct from II. tScenuneriuyi, although it is certainly allied. 

The only species from India to W'hich a distinct name has l>cen 
assigned is II. sindiense , w'^hich occurs in the Lower Siwaliks of 
Sind. The typical si)ecimens of that sjiocievs indicate an animal 
equal in size to the largest race of 1/. f'Swimnerinyi, and apparently 
BO closely allied that it is very ditticult to find any distinctive 
characters from the cheek-teeth on wliicli the species is founded. 
With these typical specimens are found other teeth iri regard to 
which it is uncertain w^hether they belong to small individuals of 
the same or to a distinct species ; the associated lower teeth (which 
may belong to both the larger and smaller forms) are of a much 
narrower type than the lower molar from Perim. The tyijc 


* ‘ Palfieontologia Indica ’ (Mem. Geol. Surv. Ind.), ser. 10, vol. iii. p. 07, 
pi. xii. fig. 5. 

t The specimon was reported to bo iroin Perim Island, and its mineral con- 
dition indicates that tliis is certainly correct, 

f Syn. //. Mcwmicri. 

§ See Pilhol. ‘Ann. Sci. Geol.’ vol. xi. art. 1, pi. vi. (1880). 
jj Syn. PaliBochairus majfjr, Pomel. 

‘ Paheontologia Indica/ up, cU. pp. 95-97, pi. xii. 
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maxilla of the Sind species Pal. Ind/ op, cit, pi. xii. fig. 6), which 
contains the last two molars in a much worn condition, belongs to a 
considerably larger animal than the Perim maxilla, the length of 
the two teeth of the former being 1*45 against 1*29 in the latter ; 
the talon of m. 3 in the former is also broader and the external 
cingulum less developed. The smaller Sind upper teeth agree in 
size with those of the Perim jaw. 

If, then, we agree to confine the name H. sindierise to the larger 
Sind form, it would ajjpear that the difference in size would be 
a 8i)ecific character in the case of the Perim form ; while if, on the 
other hand, we extend the name IF, sindiense to all the Sind speci- 
mens, the breadth of the lower teeth would likewise point to the 
specific distinctness of the former. 

Provisionally, therefore, regarding the Perim specimens as distinct 
from IT. sindiense, the form to which they belong hiay be named 
H. perimeme. This species may be defined as equal in size to 
H. Waterliousei, but distinguished by its wider molars, in which 
respect it approaches IT. Smmneringi and 77. sindiense, although 
differing from the former by the greater width of the lower molars, 
and from the latter cither by its inferior size, or by its wider lower 
molars, or by both these two characters. 

Apart, however, from the minor question of specific distinctness, 
the occurrence of Hyotherium in the Siwaliks of Perim Island in 
associatioTi with highl}^ specialized ruminants like Bramatherium, 
Qii affa, and Anteloiies of modern African types is of very considerable 
interest, and is one more instance of that remarkable survival in the 
East of generic forms long after they had passed away from Europe — 
a circumstance which was, I believe, first brought to notice by 
Dr. Planford. In Europe the genus first appeared in the Quercy 
phosphorites, was exceedingly abundant in the freshwater beds of 
St- (lerand-le-Puy, and a])parently disappeared after the Middle 
Miocene of Sansan and Stoinheim. 

In India it was apparently abundant in the Lower Siwalilcs of 
Sind, wdiich are certainly not older than the topmost Miocene, and 
persisted into the Pliocene of Perim, where, however, it appears to 
have been ^ oiy' rare. The Siwaliks of Perim appear to be probably 
intermediate in age between the Lowen* Siwaliks of Sind and the 
tyjucal Up])er Siwaliks of the Eastern Himalaya, since while thej* 
contain several older forms like IHnoiherium and Mastodon pandi- 
onis common to the former, they also contain newer types not 
found in those beds. In the Perim beds Hyotherium and Bus are 
found associated, although the latter is very common and the former 
very rare, this association being parallelled by the occurrence of 
Ilippa rion and TIpius in the Eastern Siwaliks. 

I will conclude this x^aper with a few remarks on the affinities of 
Hyotherium . In 1 he first place, the strongly- marked brachyodontism 
of the genus, the simple structure of the molars, and the circumstance 
that the last true molar comes into use at a period when the first 
tooth of the same series is but slightly worn, at once shows the 
extremely generalized nature of the genus. In structure the true 
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molars are intermediate between those of Cheer o pot amus and Sus — 
those species in which the molars arc widest and there is no talon 
to m. 3 (^H, typum) being nearest to the former, wliile those in 
which the width of the molars is less and the talon of well 

developed (//. W^aterhouftci) come closer to the latter. In certain 
examples referred by Dr. Pilhol {op. cit.) to IT. typum there is only 
one external column to p m. 4 ^ which thus shows a retention of a 
characteristic of Chneropotamus. The latter writer has thought that 
Hyotherium should not be regarded as the direct ancestor either of 
Sus OT Dicoly lea ; but from the character of its dentitio)!, its wide dis- 
tribution, its g(;ological horizon, and the absence of any other known 
form which could occuity such a position, I have long had great 
doubt as to the correctness of ibis conclusion, and have expressed 
myself to the elfcct that the genus must have been at least closely 
allied to such ancestral form ; and I am now pleased to observe that 
Dr. Max Schlosser of Munich, is of opinion that Hifotlterhim really 
occupies a middle position between the modern Sua and Dlcofyles and 
the Upper Eocene (Oligocenc) ChawopotamideC, in the sense in which 
the latter term is em])loyed by Prof. Flower and myself t. Starting 
from that family, a line of evolution may bo traced in one direction 
from the tyi)e genus to Aulhntcotheriumy Jlyopotcnnus., and tho 
tetracuspid Selenodonts, while another line may la; traced through 
Cehoclioeriia to 11 yoth.erinm^ l/ippohyua^ Dicotylea, Sna, and Phac.o- 
choerus. Di.cotylea has attained an excessive specialization in respect 
of tho uj^per promolars (which are as complex as the true molars), 
while in Sus the specialization has been more confined to the teuo 
molars ; and it is noteworthy that in tho s2>ecializalio7i of the cheek- 
dentition of the higher species of the latter genus, whih; the 2 >remolars 
and first and second true molars only gain a moderate increase in 
height and complexity, the last true molar bccoiues enormously 
developed jmsteriorly, and does not come into use until the first true 
molar is almost worn away. This line of specialization culminates 
in Pkacocliorrna^ whore all the anterior cheek-teeth may disa]>pcar in 
the adult, and to a certain extent is analogous to the 2 )eculiar 
dental development characteristic of th* ** Froboscidoa. Those species 
of Sus wdiich present the greatest sj^t'cialization in this respect 
occur in the later Tertiaries of India and North Africa, the common 
living species (/S', criatatns) of the former countr}" being probably a 
descendant of the groiq) wdiich has lost the extreme dental develop- 
ment characteristic of the Pliocene s])ecics (>S'. Falconeri) +. As 
examples of s^iecies retaining a primitive type of dentition, may be 
mentioned /S/os audamanensiit of the Andamans, Svs barhatns of 
Borneo, and tho lliver-hogs {Pottmioeharua) of Africa. At least in 
the case of the first- mentioned si)ecies the retention of a generalized 
character may be attributed to tho absence of competition. 

* Morphol. Jahrbuch, vol. xii. pp. 8fi-02 (1880). 

t Dr. Max Schlosser prcl'ere to place Cehochaerus in the Ruidje, and to merge 
Chceropotamufi in the Anthracotheriichr. 

t For the relations of these species .see ‘ Palajontologiea Indica,’ ser. 10, 
vol. iv. pt. 2 (1886). 
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Discussion. 

Dr. Blanfoei) described the Island of Perim and the mode of 
occurrence of the fossils, and showed that the ago of the beds was 
but roughly indicated by their relations to those on the mainland, 
and was better determined, as had been done by Mr. Lydekker, by 
the affinities of the fossils with those in the Sind beds, the age of 
which was accurately demonstrated bj- marine fossils. 
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4. On a NEW Genus o/Maurepoiiarta (Glyphastilea), witJi Remarks 
on the Morphology of GLYPHASTRiBA Forbesi, Ed, Sf H.,from the 
Tbbtiaries of Maryland, TJ. S. By Prof. P. Martin Duncan, 
M.B., F.R.S., F.G.S., &c. (Read December 1, 1886.) 

[Plate III.] 

Many years since, the late Dr. S. P. Woodward drew my attention 
to some very fine specimens of Septastrcea Forhesiy Ed. & H., in the 
British Museum, and lately a well-preserved specimen has been 
sent to me from the Phdosophical Institution at Scarborough. 
There has always been a doubt in my mind regarding the classifi- 
catorj’^ position of this large branching Tertiary species, and the 
examination of the specimen lately sent confirms the impression 
that the species differs so much from the Mesozoic Septastrmv that 
it cannot remain in the same genus, although it must still be placed 
in the Goniastraaoid alliance. 

The species mentioned in the ‘ Histoire Naturelle dcs Ooral- 
liaires ' by Milne-Edwards and Jules Haime, described by M. do 
Fromentel in his * Introduction a retude des Pol 57 )iers,’ and pub- 
lished by myself in the “ Monograph of the British Fossil Corals ’’ 
(Pal, Soc, Lond,), with one exception, have the axial space nearlj' 
or quite open, and the columella is either absent or very rudinientaiy. 
But the species named after the late E. Forbes I find, has the 
axial space completely closed, either by united septal ends with 
some additional tissue, or by a columella, which, by uniting with a 
number of septal ends and being increased in bulk by a remarkable 
dissepimental tissue, forms a very projecting central mass in i)erfect 
and full-grown calices. 

The genus Sejdastrera originated with d'Orbigny in 1849, and 
the diagnosis he gave was partly reproduced bj- Milne-Edwards 
and Jules Haime in 1857 1. I^e species described in the first 
instance were from the Eocene and Miocene of Franco and the 
supposed Miocene of Maryland. A cclumella is not noticed in the 
descriptions of any of these tyi)os, and it is said, in the generic 
diagnosis, to be so definitely absent that the want clearly distin- 
guishes Septastra^a from Goniasfrcpa, Ed. & H. 

The following was the diagnosis published by Milne-Edwards 
and Jules Haime from d’Orbigny: — “The coralliim is either in the 
shape of a convex mass or is subdendroid. The calices are poly- 
gonal, and their margins are united to those of the neighbouring 
calices and ordinarily show an extremely delicate line of separation. 
The septa are large and appear to be formed of perfect lamina?, 
and the endothecal dissepiments are well developed. Columella 
and pali wanting. Multiplication by fissix)arity.’’ 

M.-Ed. & J. H. Ann. des Sci. Nat. 3" ser. t. xii. p. 164 (1860), and Hist. 
Nat. des Oorall. vol. ii. p. 450. The fossils described were said to be in the collec- 
tion of the Geological Survey of England and in the Bonn Museum, 
t Hist. Nat. des Corail. vol. ii. p. 449. 
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The genuw was placed by M.-Edwards and J. Haime in the family 
Astrajidao, and in a group in which growth took place by means of 
fissiparity. 

The Mesozoic species described by M. do Fromentel and by myself 
enter the genus thus diagnosed, and the only important modification 
which I made in revising the genus was to introduce the necessary 
statement that increase took place by gemmation as well as by 
fissiparous division of the corallites*. But the genus was included 
by me in an alliance, the Goniastraeoid, of several genera, which is 
characterized by the forms having the corallites united by their 
walls more or less completely, and without coenenchyma serial 
growth not occurring. 

A very perfect siliceous specimen of the Maryland species gave the 
following characters : — 

The specimen is generally perfect in its details and once formed a 
portion of a very large branching colony and was undoubtedly a reef- 
builder. The fracture across the stem resembles those which occur 
in largo specimens of the genus Madrepora at the present day 
during violent storms. The outside of the coral is covered with 
calices in a very perfect condition, and the delicate granular orna- 
mentation of the septa and of the top of a dome of cndotheca which 
fills up the axis and calicular fossa is still to be seen. An excellent 
natural section of the corallites in the axis of the stem has been the 
result of fracture. The section shows that the axial or i)arent 
corallites have undergone some diminution in the bulk of their walls 
and septa, and probably this happened during life, for corresponding 
absor[3tion is seen in many recent forms. On comparing the super- 
ficial calices with the sections of their i)arent axial corallites, very 
considerable differences will bo noticed, and it is evident, after 
careful examination of this specimen, that had the section alone been 
present, the description of the details presented by it would not 
have enabled any i)ala)ontologist to give an accurate diagnosis of the 
species. On the other hand, were the structures seen on examining 
the superficial cali(;c8 to be entirely relied on, mistakes regarding 
the nature of the eiidothecal structures and of tlio dimensions of the 
columella might have been recorded. 

The lower endothocal dissepiments arc rather stout and horizontal, 
and are well seen in the axial corallites : and the upper, which are 
numerous and close near the calices, form perfect obli(iue or domed 
floors between the septa, so as to shut out the intcrscptal loculi 
beneath them from the surface. These ui>pormost dissepiments come 
up to about the same level at the bottom of the calice, and reach 
up to within a fractional part of a millimetre from the free edges 
of the septa and columella (PI. III. fig. 7). Hence the septa seem 
to rest upon the upper combined dissepiments and to resemble fine 
linear growths ; two long ones are often, but not invariably, con- 
tinuous with the columella and reach across the calice, apparently, 
but not truly, as one long septum. The study of the section of a 

* “ Revision of the Families and Genera of Madreporaria,” Journ. Linn. Soc., 
Zool. Tol. xviii. 1884, p. 103. 
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stem explains these appearances, and it is seen that the septa are 
really high near the axis, and narrow, and that although some 
unite with others at the axial space of a corallitc, there are 
generally traces, and usually very definite proofs, of the presence of 
a trabecular and non-essential columella, it often being reduced to 
a mere lamina which is in the path of two opposed large primaries. 
The structures at the bottom of the calicos resemble a solid mass, 
and might be taken to be ver}" large colum elite not very unlike those 
seen in some rugose corals such as ClisiopJiyiliim and Loiisdalia ; but 
the true conception of the structures may be obtained by studying 
the section of the stem and some of the newer calices at the tops 
of the r.'imusculoa of the upper j>art of tlie colony. The theca 
or wuU of one corallite is in contact with those of iis neighbours ; 
but fusion only occurred here and there, and, indeed, in one place 
there are traces of very sliglitly projeciing costa? to bo seen running 
down the outer part of the walls. The union is so decided that 
the corallitos are, and always were, inseparable, and the position of 
junction is traced by broken lines in tbe natural transverse section 
of the axial corallites and hj^ the geometrical grooves at the surface 
of tbe colony. 

Gemmation is seen on the united walls of corallitos, and the buds 
have six septa : it is also observed, in tbe natural transverse section 
produced by the fracture of the stem (fig. 2 , </), on Ihc surface of the 
colony amongst the largest calices and also amongst the more rapidly 
grown calices at the c-xtremity of the stunted branches. Pissiparity 
is exceptional, hut occurs. 

The crossing of the calices, so generally but not universally, by 
what appears to be a long thin septuiu, which consists of two 
opposite primaries united at the axis, with or without a columella, 
is very striking in appearance, and it is difiicult to understand how 
it or the filling-iip of the axial spaces could have escaped the 
notice of JVliJne-Edwards and Jules Haime ; for the structures are 
perfeeth’ evident in their tv2>e, Avhich is now in the Jlritish Museum. 
The granulation of the edges of tin' septa and columella and even 
of tbe top of the dissepiments is most distinct and is as cliaracteristic 
as the linear grooves which separate, in such a geometrical manner, 
adjacent calices. 

The colonics of this species attained a' considerable size, and their 
shape was very variable. The type of Milne-Kdwards and Jules 
Haime, now iu the national collection in the llritish Museum, is as 
large as a man’s hand and wrist, has a more or less C3dindrical 
lower stem, which enlarges upwards, and is, as it were, compressed, 
the surface being irregularly swollen in places and smooth else- 
where. There are terminal, suhramose, hlunt-ended hranchlets, and 
gibbosities resembling nascent branches. In another colony the 
shape is nearly cylindrical, and there arc ill-defined gibbous swellings 
on it ; the size is less than that of the other. A third specimen in 
the British Museum is a part of a very largo colony which has lost 
its hranchlets and much of its main mass. The shape is like that of 
a thick slice of bread, tall, narrow, and wide. Two of the surfaces 
are large and broad and nearlj" flat, and a third or edge-surface 
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is long and narrow, and marked by the roots of several branchlets 
which have been fractured from the main mass, their axial corallites 
being seen in transverse section. The height is 140 millim. ; the 
breadth is rather greater than the height ; and the thickness is from 
34 to 52 millim. 

Tn Milne-Edwards and Jules Haime's rendering of d’Orbigny’s 
generic definition of* Scj^^tastnua the words multiplication by fissi- 
parity ? ” occur. The note of interrogation is not repeated in their 
own description of the genus in the ‘ Ilistoire Naturelle des 
Coralliaires.’ Fissij)arity occurs evidently enough in the Mesozoic 
species without a columella and with an open axial space. It is a 
fact, however, that there is not a single instance of progressing 
fission in an}* calico of the type described by the French authors, 
which is in the IJritish Museum. There arc no calicos with a tigure- 
of-eight shape, and in none are there small and new septa starting 
from the sides of the long septum -like structure which crosses the 
perfect and full-grown calicos. It is (juite a mistake to state that 
this striking featiue has to do with fissiparity. In the sjiecimen 
belonging to the Sc.arlH>rongh IMiilosciphical Society's ^luseum there 
is some crowding of the calicos at t he base of one of the branchlets, 
and the intc'rc^irallite walls there are tliin ; there is no superficial 
groove, and the appearance of tlie septa resembles that of some 
recent typos which arc^ nnd(M*g()ing tissi})arity and in which the 
division is nccom])a,nied hy very rapid growth (PI. ill. fig. 3). 
Hut it is nevertheless true that tbese appearances may he the result 
of irregular corallit e-growth under the inilucnco of pressure from 
crowding. 

The instances of fissiparity are exceptional ; hut the process 
existed, for tliere is a fair examjile in the fractured surface of the 
stem of the sioccimen first examined (fig. 2), but not in Milne- 
Fdwards's type' : and f here, is a very remarkahlo and suggestive in- 
stance in the smallest of the specimens in the Hritish Museum (figs. 4 
and 4'). A section was cut at a slight dex)< h, parallel with the surface, 
so that sections of corallites were made at a little distance from the 
calicos above. It was evident, on counting the calicos and the 
sectioned corallites, that the former were more numerous than the 
others, and the reason was hocansc one of the sectioned corallites 
was divided hy fission (fig. 4). The commeiicemont of the procc.ss 
can he traced, and a nipping-in is to he seen with considerable con- 
fusion of the septa. The long lamina crosses the corallitc at right 
angles to the commencing fission, and that is not what would have 
been seen had it been a factor in tho ’process. On examining the 
free surface of tho colony corresponding to the sectioned corallite. 
two calicos are noted which have an incomplete wall between them ; 
moreover a septum will he observed i>a8sing from one calico to the 
other (fig. 4'). These calicos are sej>arated from their neighbours 
by well-developed walls. It apx)ears that the growth of the 
dividing corallitc was rapid. 

The number of the ctiliccs M’ith the long lamina (that is to say, 
perfect calices) varies in different i)art8 of the colony ; and if square 
patches are separated and the number of calices of all kinds on them 
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be counted, it will be found that in some with 55 calices 35 have 
the long lamina and 10 have an indistinct septal arrangement, while 
the rest have no long structure crossing the calicular fossa. In a 
patch with 75 calicos of many shapes and sizes there are 55 with 
the elongate structure. The orientation of the lamina differs even 
in neighbouring calices. 

The septa are bilamellar, and the evidence of a very irregular and 
narrow interlamellar space is apparent, sometimes superficially, and 
invariably in microscopic sections of corallitcs near the calices. 

A. perfect, full-grown calico baa the two opposite primary septa 
united at the axis by means of a narrow discontinuous columella, 
which is ora am on ted in the same manner as the ae])ta, but which, in 
some instances, has a raised edge (figs. 3, 6*, 9, and 1 0), or they 
may unite by their inner ends and close partl}^ the axiiil sj)ace with or 
without the assistance of thickening or of any extra growth (figs. 12, 
13, and Idj. In buds the columella may bo distinct, and there are 
the usual six primaries (fig. 2, cZ). In large immature calices the 
six primary’ septa may converge and unite with a small columella or, 
what appears to be the more common case, they do not unite. The 
ends elongate or twist (fig. 10) and, with the disscpimental tissue, 
close the axial space. It is this closure, either by a columella 
which sections prove to be occasionally discontinuous and always 
non-essential in its method of growth, or by united septal ends, 
or by twisting and elongation of the septal ends, assisted by the 
tabula-like upper dissepimental structures, that forms the main 
distinction between the new genus and SepUtstreea. 

The endothcca is variable in amount, and wliilst it is close and 
thin in some corallites, or parts of corallitcs, it is distant and stout 
in others. In some cases the horizontal stout platforms arc fairly 
regular ; but, as a rule, although tlio dissepiments completely close 
the interseptal loculi and act as tabular, they lack the regularity of 
those endothecal structures. Thin dissepiments often close the 
whole of the interseptal loculi at indefinitely placed intervals in the 
height of the corallites, and as comjdetely as any tabula? (fig, (>). The 
uppermost dissepiments are those which close in the calicular fossa 
and reach up close to the free edge of the sejjta. There are no deep 
interseptal spaces in the form, and the dissepiments moreover come 
close to the top of the axis, and, by joining with the septal ends and 
the intermediate structure (when it exists), help to close the axial 
space and to form a columella. The uj)per surface of the dissepi- 
ments at the bottom of the calices is ornamented with sx>ar8ely 
placed granules, and this very exceptional ornamentation is not seen 
on the lower dissepiments, having been absorbed during growth. 
The dissepiments are often very close near to the calices, and the 
visible one at the bottom of the fossa is close above several others, 
which seem to have followed the same lines of curvature. It is this 
festooning of the dissepiments which, when seen in a vertical section 
of the colony, adds to the old-fashioned appearance of the more 
or less tumid mass at the base of the calicular fossa (figs. 7 and 8). 
Probably it was the very tabulate appearance of the endotheca of 
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' the fossil which Lonsdale examined that induced him to name it 
Columnariaf and the intercalicular groove doubtless intensified the 
importance of the internal arrangement in his mind. Sejptastrwa 
has no such dissepimental structures. 

The necessity of introducing a new genus is obvious, for the presence 
of the structures closing the axial sxiace, and the characters of the 
dissepiments near and at the bottom of the calice, are of great phy- 
siological importance. In Septastrcea proj^er the mesenteries would 
have had abundance of 8 upi)ort on the sides of the septa, and the 
visceral cavity would have been prolonged into the axial space ; but 
in the form under consideration there is barely any room for inter- 
sejital structures, and the nodule in the axial space would limit the 
downward extension of the visceral cavity. It is very interesting to 
notice a columellar structure in this Tertiary r(^of-builder which is 
somewhat similar to the axial arrangement in LonsdalUi and Clisio- 
‘pliUllwm. But the laminate columelhn of those Balaaozoic forms are 
essential and largely developed, and those of the new form are 
comparatively insignificant ; but there is the same crowding of 
dissepiments close to the axial sjiaco and the same apparent extension 
of a long primary septum. 

The following is the diagnosis of th(‘ new genus ■ - 


Section MADltElMJliAiilA APUKOSA. 

Family Astbj®:ii>.e ; alliance GonlastrceoUia. 

Genus GLyruASTBiEA, gen. nov. 

Colony large, subramose ; corallites prismatic, more or less 
perfectly united by theii* walls and having a discontinuous line of 
separation between them ; calices polygonal and shallow, having 
I>ol3’gonal linear grooves between them, and the axial sx)ace closed ; 
septa une(]ual, minutely serrate or granulate al. the free edge, some 
narrow within and long ; columella small, jiarietal, lamellar, or 
ribbon-shaijed, uniting opjjosite primaries, or several septa sometimes 
absent, and then ]irimary sex)ta unite at the axial sx>ace ; endotheca 
well develo]>ed, often simulating tabula;; dissexfiments near tlie 
calico extending ui)wards close to the free edges of the sei)ta and 
columella, closing the intersei)tal locidi and forming witli the septa 
and columella a dorne-slui])ed mass which 2>rojects and fills uj> the 
bottom of the calicular fossa ; x>nli absent ; increased by gemmation 
from the walls between the calices, and rarely by fissii)arity. 

GiiYruASTK^A FoitiiEsi, Ed. & H., sp. ; amended. 

Colony large, with a stout stem terminating in gibbous prominences, 
resembling aborted branchlets ; calices numerous, crowded, irregidar 
in size and shape, hexagonal, jjentagoiial, and even square in outline, 
shallow, with broad flaltish margins sci>arated by straight linear 
shallow grooves, which form x)olygonal shapes around each calico ; 
septa broad at the margin, reaching the linear groove, subequal at 
the wall and granular there. There are three perfect cycles of sexjta 
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and, rarely, some members of a fourth. In the first instance the 
primaries and secondaries reach the axis, and the tertiaries do not 
Ijrojcct much from the wall. Commonly, in full-grown calicos, 
two long slender opposite primaries unite with the columella so as to 
cross the calico, having the appearance of one very long septum; 
in other calicos the columella unites several septal ends, and the 
appearance just noticed docs not occur; or opposite ])riniarics may 
unite without a columella. The inner parts of the septa arc slender, 
often wavy, and their granular free i>art is very low, on account of 
the occurrence of dissepiments ; u]>pcr disse])iments free and gra- 
nular, uniting wdth the septa and columella to form a convex mass at 
the bottom of the calice. 

Fissiparity rare, and when gemmation occurs the buds have six 
primaries ; height many inches ; breadth of the st(‘m 28 to 32 or 
more millim. ; breadth of calices from 1*5 to 0 millirn. ; dej)th 1*5 
to 3 millim. 

Lirndit]}. Maryland Tertiary deposits. 

The only notice Avhich I can find in any American publication of 
8eptasiraia Forheat^ Ed. & H., now (rJtfphdstraia Forhe.d^ Ed. A IT., 
sp., is in the “ (dicck-list of the lnv(utcbrate Fossils of North 
America,” by Meek, Smithsonian Miscellaneous (loll. vol. viii. 1884, 
“ Tert. Syst. ]Vlioc;ene Epocli.” l>ut there is noihijig more than the 
name and the locality of Maryland mentioned. 'I’he form does not 
ai)})ear to huvcj been figui'cd anywheie. 

lyell wms the first geologist w ho introduced the corals of Virginia 
and Maryland to the notice of science, and Lonsdale studied the 
forms. J.yeirs communication is in tins fourth volume of the Pro- 
ceedings of this Society, j). 547 (1815), and (luart. Journ. (h'ol. Soc. 
vol. i. 1845, p. 413. Amongst other corals Lytdl collected from 
Virginia a compound, ramose, cylindrical, lobed or massive and 
expanded si)ecies, w hich Lonsdale, in a ])a 2 >er in the same volume 
(j). 497), described as ColmntiK ria (?) ^e,vr<idiata. lie figured the 
form and gave a magnified view of a calictj*. 

I do not think that Ed\var<ls and Haime had the oi)]>ortunity of 
studying Lonsdale’s type, otherwise they Avonld iu)t have placed it in 
such a remote genus as Astraiujia. It appears, after studying 
Lonsdale’s careful description, that Meek is correct in placing the so- 
called Colmn.naria in the genus n ^ as understood hy Milne- 

Edwmrds and his school, although lionsdale stated that lie could not 
find proofs of fissiiiurity on the surface of the corallum. The mag- 
nified view of the calice given hy Lonsdale shows a sinidl columella 
and the stout parts of the primary and secondary sejita near the 
margin ; moreover he figures and mentions a groove which bounds 
the calices ; hut there is union shown between some of the tertiary 
sejita and the sceondarios which docs not occur in the calices of the 
other species. Moreover the open condition of the iiitcrseptal 
spaces of the immature calices of Lonsdale’s species is not seen in 
G, Forhesi ; nevertheless the alliance of the species is very close. 
It appears to me that Lonsdale’s species must stand as Ghjphastrcea 
sexvadiata, Lonsd., sp. The type of Lonsdale’s species is not in the 
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collection of the Geological Society. There is, however, a much 
weathered specimen of /Septastrcpa Forbesi, Ed. & 13L.y^Ghjphastrcea 
Forbcsi, with the name of Dr. Koch upon the tablet as that of the 
collector. The specimen is a very instructive one, and it shows how 
weathering may destroy all those structures which characterize a 
species. There is only one calice in the rather large colony which 
indicates that there was once a small columella, and the intercalicular 
groove is almost destroyed in every part of the coral. The edges of 
the neighbouring corallites are often sharp from removal of the inside 
of the calices. The study of this spccinam proves how thorouglily 
paltcontologists may be deceived by describing indifferent specimens. 

EXPLANATION OF PLATE HI. 

P’ig. 1. Tlio colony of Gh/jihaafreea Porbesi, in outline; nat. size. 

2. Part of the fniolurod stt;m, magnified. a, corallito undergoing fisai- 

parily ; a/, a part dividing from rt ; />, corallite undergoing fission; 
c, corallifc vv'itli a eonCusetl septal arrangement; c/, a biid with six 
primaries, a secondary septum, at id a columella ; c, corallite showing 
a columella ; J\ corallite commencing iis.siuu (c()mj)are the part 
nearest the axis of the stem with u', in wljich tJjo process has been 
completed). 

3. Three weathered corallites, magnified, talveri close below the position 

of the calices; fission in progress in two, and the columella visible 
in the third. 

4. Sections of corallites, one undergoing fission, magnified. Specimen in 

tlie Pritish Museum. 

4'. Two calices corresixmdiug to the fiasiparous corallite of fig. 4, Tuaguilied. 

5. Some calices, inaguilied. 

6. Section of a corallite showing complete endotheea and a ring-shaped 

columella, magnified. Specimen in the Ih-itisb .Museum. 

7. Longitudinal sec^tion of a corallite showing el <^se sueec'SHivo endotheeal 

dissepiments below that which clus(‘s the calice inleriorly, magnified. 
British Museum specimen. 

8. A similar section sliowing successive layers of endotheea. in relation to a 

columella, magnified. British Museum specimen. 

9. Part of a longitudinal section of a corallite showing a discontinuou.s 

columella, magnified. British Museum. 

10. The central superficial nodule of a columella, magnified. British 

Museum. 

11. The ])Osition of the ribbon -si ia.])od part of the columella, ydaced between 

the inner ends of two opposite primary septa, magnified ; more or 
less diagrammatic. 

12. Primary s(!pla j* fining at their inner ends, magnified; diagram. 

13. 14. Junction of septa accompanied by mf»re o'' less eohuuellur struc- 

ture in 14; a sect ion magnified. Syieciinen in British JMuseum, 

15. View of septa and columella from above, magnified. Britisii Mu.soum. 

16. Twisted septal ends forming a false columella, magnified. 

Discussion. 

Dr. Hinde remarked on the interest attaching to the specimens. 
He inquired if one of the specimens on the table belonging to the 
Society was not the type of M.-Edwards and Haime. He thought 
the prolongtition of the septa across the calice indicated merely 
a tendency to lissiparity, and was not a generic character. He was 
not sure if there was a columella distinct from this prolongation, 
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'Wilieh was only well seen in a few calices. He asked if a section 
of the coral had been made, as this would show whether there is 
really a columella or not. 

Mr. Exhebjdqb said there had been several specimens of Sept- 
astrcea Forhesi at the British Museum, and they were identical 
with those on the table. The septa are waved, and they anastomose 
more than was shown bj'^ Dr. Duncan’s figures. The speaker then 
proceeded to point out some of the other minute characters of the 
genus Septastrosa^ and especially showed that the junction of the 
septa at the commencement of fissiparity was very difficult to recog- 
nize, but, if seen, was unmistakable. 

Dr. Duncak, in reply, said the type of M.-Edwards and Haime 
had been in the Museum of the Geological Survey, and had been 
sent to the British Museum, consoquentlj’^ he could not lay it on the 
table. He showed that there was a distinction to bo made between 
the columella and any prolongation of the septa at the commence- 
ment of fissiparity, and that this could be recognized in the fractured 
part of the specimen. 
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5. Chi the OoCTOBENCB of SpECTBS of the GeNTTS DTPHTPHTLLtrM, 
Lonsdale^ in the Loweb Cabbonipbbous Strata of Scotland, 
with a Description of some new Species and Notices of 
Varieties. By James Thomson, Esq., F.G.S., &c. (Bead 
March 24, 1886.) 

[Plates IV. & V.] 

(Abridged.) 

The object of this communication is to offer evidence in favour of 
the recognition of the genus Di^iliyphyllum , which was defined many 
years since by Lonsdale, and which has not been definitely accepted 
by any j)al8Dontologist, with the exception of M"Coy. It is proposed 
to give a slight history of the genus and species, and then to notify 
the occurrence of all the species with varieties in somewhat remark- 
able deposits in the Lower Carboniferous series of Scotland, and to 
describe two new species and a variety of one of them. 

The facts now brought forward clearly prove the truth of 
Ijonsdalo’s diagnosis of the genus, which enters the family Cyatho- 
phyllidae of the Bugosa, and also necessitate the introduction into 
the generic diagnosis of the words ‘‘ increase by gemmation and by 
fissiparity.’’ 

The genus Diphyphyllum was defined by Lonsdale in Murchison, 
Koyserling, and De VerneuiPs ‘Geology of Jiussia and the Urals’ 
(ajjpendix, p. 622), and the type of the species D, concinniim^ Lonsd., 
is in the collection of the Geological Society of London. The defi- 
nition was as followb : — “ A stony lamellifcrous polypidom ; lamellae 
exceeding 12, biijlated ; branched, branchi'S dichotomous ; internal 
structure, triareal — 1, central area intersected by flat, convex, or 
irregular diaphragms, no persistent axis ; 2, intermediate area tra- 
versed vertically by lamella^, intcrsj)aces crossed obli<piel 3 ^ or down- 
wards by extensions of the diaphragms and subordinate plates ; 3, 
outer area traversed by lateral extensions of lumellm, interspaces 
crossed by arched or vesicular laminte inclined upwards and outwards ; 
stems not uniformly thickened by external secretions, but occasionallj" 
united when in juxtaposition.” In explanation Lonsdale notices 
.that acicular points arise from the upi>or surface of the diaphragms 
(tabula)), and sometimes are continuous through the diaphragms 
above for a short distance, but there is no persistence of this struc- 
ture so as to form a columella. The corallites are in ramified masses. 

Diphyphyllum concinnum^ Lonsd., is defined as follows in the 
above-mentioned work, p. 624, pi. A. fig. 4 : — “ Stems cylindrical, 
nearly smooth ; crossed externally by close, flue, waved lines, and 
stronger, unequal, distant bauds ; lamella) numerous,' variable ; inner 
surface of plates furrowed strongly upwards and outwards ; central 
area, diai^hragms flat, convex or irregular ; intermediate area, prin- 
cipal lamellae exceeding 30, more or less waved ; intermediate veiy^ 
unequal ; interstitial prolongations of diaphragms inclined sharply 
downwards, accessory plates nearly horizontal ; outer area, lamella) 
a J. G. S. No. 169. D 
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variable iu strength and range, interstitial plates largely vesicular : 
terminal cuj) deep, lined by edges of the lamellae, no central boss.” 
Helative proportions of areas not constant. Diameter of corallites 4 
to 4*5 lines. 

Localities. Carboniferous limestone, Kamensk, Siberian side of 
the Oural, and Bristol, England. 

M‘Coy found species of the genus and recognized the increase by 
fission or fissiparity ; ho xjubiished his definitions in Ann. & Mag. 
Nat. Hist. ser. 2, vol. iii., and subset juentl 3^ in his ‘ Palaeozoic Fossils 
of Great Britain,’ j>- (1S55). Dipliyjjhyllu'oi latisepiatum and 

D. yraclle were there added to the English coral-fauna. 

M‘Coy notices liow rare dichotomous branching is amongst the 
Cyathoplijdlida', and that this form of increase distinguishes Diphy- 
phyllum from Cyatliophylluitt. Ho states that there is no axis, and 
that the corallites are biareal, the large central area being occui>ied 
b}^ a strong simi)lc transverse diai>hragm, deficcted at the cir- 
cumference, surrounded by a narrow, outer vesicular area. Outer 
wall thick, radiating lamellae numerous, not reaching the centre. In 
D. latiseptatuhi therc^ are 28 primarjr 8CX)ta and 28 smaller ones ; 
I), yracile, which is a smrdl form, has jiot one half the septal number 
of the other sjiecies. There is no doubt that M^Coj’ thoroughly 
understood Lonsdale’s definition, and that his own s])ecifi.c diagnoses 
are correct. 

From the time? ^vhen M‘Goy wrote, down t-o the present day, 
nothing but doubt and denial have been associated with the genus so 
well distinguished by Lonsdjile. Mi In e-Edwards and Jules Haime 
(Hist. Nat. des Cornll. vol. iii. p. -Uil, 18(K>), considered Lonsdale’s 
species to bo the same as M^Goj^’s J). laiiscj^latfnn^ and that the genus 
was founded ux^on sx)ecimeiis of LitJuKtirotion in w hich the axis had 
been lost. Thc^^ do not mention the fissi])arous increase of the coral- 
lites at all. Prof. Hall (Pal. New York, vol. ii. p. 113) describes 
Diplopliyllum and separates it from Dipliypliyllmn, recognizing the 
affinities of the genera. 

Billings (Canadian Journ., March 18oi)) debaU^d the fissix>arous 
method of increase in Lonsdale’s genu^, and yet sexiarated it from 
Li thost ration on account of the defective axial structures. He, 
moreover, consider(^d Hall’s genus to be synonyinous with , Lonsdale’s, 
W’hich it is not. 

l)e Koninck gives an excellent history of the genus in his licch. 
sur les Anim. foss. du Terr. Garb, dcla Belg. pt. 1, x^. 33 (1874). He 
shows how Lonsdale sex^aratod the gcaius from Litli.ast ration on account 
of the absence of a ctdumclla, and criticizes Milne-Edwards and 
Jules Haime. He does not, however, admit that fissix^arity occurs, 
and maintains that the apxH>arance is due to the rapid coalescence of 
ymung individuals which have been really x^roduced by gemmation. 
He agrees in this- resx)cct with M. Ludwig (Zur Pal. des Ourals, 
p. 14, pi. ii. figs. 4, o, 7). l)e Koninck, however, considers that 
Milne-Edwards and Jules Haime have admitted the fissix^arity, as did, 
of course, M^Coy. He reflects upon the mistakes of D’Orbigny and 
He Fromentel in using the generic name given by Lonsdale for very 
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diflPerent corals from those to which he intended to apply it, 
namely the fasciculate Lithostrontionts. jN^evertholess, M. de 
Koninck’s reading of Lonsdale’s definition of Diphyphyllxim (qp. cit, 
p. 33) does not satisfy those who believe in the fissiparity of the 
individuals of its species. This is to be regretted, because it is now 
shown by the Scottish specimens that Lonsdale was correct ; and, 
moreover, in order to complieate matters, there are also forms in 
the Scottish Carboniferous which agree with De Koninck’s insufficient 
generic diagnosis, and which may be termed Lonsdale’s , 

increasing by gemmation onlj^ and with more or less united coral- 
litcs (soe the concluding sentence of this communication). 

The specimen of Dipliyyhyllnm coiicinniny} ^ Lonsd., figured by De 
Koninck does not sliow fissiparity ; but similar slabs are to be 
obtained in the Scottish Lower Carboniferous, and fissiparity is 
seen now and then in them, the greater part of the increase being due 
to gemmation. Do Koninck also considers M*Coy’s D. latlscptatum 
to bo synonymous with D. concinmim^ the difference being duo to 
vigorous growth of the first-named coral. 

Lindstrdm, in his useful index to the generic names of the corals of 
Palaeozoic formations (llihang till k. Hvenska Vet.-Akad. Kandl. 
lid. S, no. 9, 18S3), states that Diphypliylliim, Lonsdale, 1845, has 
Erldophyllum^ Ed. H., as a synonym. This is an error, for Erldo^ 
2)7iylhi)n differs very decidedly ; it does not increase by fissiparity 
and has rootlets. 

The i)res(‘nce ol* sevc'ral forms which must come within the genus 
Diphyphylliim^ Lonsd., in the Lower Carboniferous strata of Scotland 
is ]>laced beyond a doubt, and the difficulty is to distinguish species 
from varioti(;s. Certainly there are four groups of species and some 
varieties -which have been collected, and they may be di\udcd as 
follows : — 

1. The T). group, with numerous primary and smaller 

septa, not less than from 45 to GO in number ; endotheca moderate. 

2. J^arge forms with long and shorter septa, about 40 in number ; 
endotheca in two distinct circles. A new species, D, cylindricum, 
comes in here, with a second, D. Blmd'woodi. 

3. Large forms with numerous septa and much endotheca, filling 
largely the interseptal loculi. Here come in D. lalisf'ptatum, M‘Coy, 
and two varieties, var. yhyantcum. and var. inter ruptum, 

4. Siaall forms with small corallites with few septa : D. gracile, 
M‘Coy. 

The following old and new species and varieties of the genus 
Dlphyp/iylliim^ Lonsd., occur in the Lower Carboniferous of Scot- 
land : — 

coNCTxxUM, Lonsd. (PI. lY. fig. 1.) 

A variety with smaller corallites than the type, and about 44 septa ; 
diameter G millim. by 8 millim., in the instance of the largest coral- 
lites. The distribution of the endotheca, tabulae, and acicular points 
is as in the type, and everything is ou a smaller scale. The corallites 
are tall and wide apart. Gemmation appears to be more frequent 

D 2 
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than fiesiparity, and this may occur so that the parent corallite 
becomes ttilobed in transverse outline, and the fission is double 
instead of single. That this is not a junction of buds can be proved 
by studying the growth of the septa from the dividing laminae. 

Locality, Lower Carboniferous, Scotland. Kirtle Bridge and Black- 
ridge, Dumfries. 

Var. FOBCATTJM (PI. IV. fig. 2). This variety has slightly smaller 
septa and wider central space than the type. It does not occur in 
dense masses. 

Locality, Near Fenwick, Ayrshire and Corriebum, Dumbarton. 

Dtphtphylltjm B-LACkwoobi, sp. nov. (PI. IV. fig. Jl.) 

The corallum is in dense fasciculate masses, with corallitcs of differ- 
ent sizes, cylindrical, tortuous, close or not, rarely in lateral contact. 
Epitheca delicate. Diameter 4 to (> millim. Fossula with a small 
primary, often indistinct. Sej)ta 15 to 20, according to the size of 
the corallite, with a similar number of smaller ones (30 to 40 in 
all), the larger extending inwards considerably, but leaving a wide 
central space : they are very thin and delicate near the equally 
thin wall, and are stouter and decidedly hi laminate at their junction 
with the innermost endothecal ring ; they may extend beyond that. 
The smaller septa are short, thin near the wall and thicker near the 
outer endothecal ring. Acicular points rarely exist — in one corallite 
out of 14. Endothcca stout betw’een the septa and vesicular ; the 
inner circle of it is often festooned. A vesicular structure is often 
seen near the wall in the intcrseptal loculi. Tabuhe largo, horizontal 
in the central area and inclined at the edges towards the underlying 
tabula ; sometimes bent upwards and then having a relation to the 
fissiparity, which is both single and double. 

Localities, Auchenmead, Boith, near Fenwdek, Ayrshire ; Boghead, 
Lesmahago w , Lan arkshire . 

Var. APPI10XIMATU31. (PI. IV. fig. 4.) 

This has the “ rods ” very frecpicntly developed. 

Locality. Boghead, Lesmahagow, Lanarkshire. 

In a coral with closer corallites than the last, and which might 
almost be considered to be a variety of it, the septa of the i)rincipal 
series extend so far inw^ards, and the endotheca is so much le^s like 
internal walls, that I consider it to form a new species : — 

Diphtphyllttm cylinbbictjm, sp. nov. (PI. IV. figs. 5, 5 a.) 

Corallum in dense fasciculate masses, corallites tall and cylindrical, 
epitheca thin, with narrow growth-rings. Septa few, 18 to 20 large 
and as many small, the large passing far in and reducing the 
dimensions of the central area and tabulae. The small septa extend 
about one fourth of the distance of the others. The vesicular 
endotheca is delicate, in two fairly distinct circles in the interloculi, 
and some delicate inclined stereoplasm occurs. Fissiparity is 
frequent and is of both kinds : gemmation also occurs. 
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Locality, Boghead, Lesmahago ; Bough wood and Thirdpart, Beith, 
Ayrshire. 

DlPHTPHTtLirM: LATISEPTATHM, M‘Coy. (PI. V. fig. 6.) 

' This form must now be separated from D, concinnum^ for the 
specimens show a large corallite with 52 septa in all, longer primary 
septa than in D, concinnum^ and a very considerable vesicular 
endotheca filling the intcrseptal loculi, and much more of it than in 
the species determined by Lonsdale. Both kinds of fissiparity are 
present. 

Localities, Coriieburn, Dumbarton, and Fenwick, Ayrshire. 

There are two varieties of this species, var. giganteum (PI. V. 
figs. 7 and 8) and var. interruptum (PI. V. fig. 9). 

Diphtphylltjm GRAcrLE, M‘Coy. (PI. V, fig. 10.) 

This is the smallest species of the genus, and the Scottish 
specimens are fairly undistinguishable from the type. The septal 
number is small, and there is fissiparity as well as gemmation to be 
observed in the method of increase of the individuals. The corallitos 
arc in tortuous, ascending, and irregular bifurcating masses. 

Localities, Cotcastle near Btrathaven ; Braidwood and Brockley, 
Lesmahagow ; Boughwood and Cunningham, Bedland Dairy, Ayr- 
shire. 


List of Scottish Lower Carboniferous Species and Varieties 
of Diphyphyllum, Lonsd, 

1. Diphyphyllum conchinum^ Lonsd., variety. 

,, var. fuTcatum. 

Blackwoodi^ sp. uov., and var. approximatum. 

3. c^yUndricum, sp. nov. 

4. latifiepiatum, M*Coy, and vars. giganteum and inten'nptimi. 

6. gracile^ M‘Ooy. 

Some of these forms are found in large masses and environed and 
covered by volcanic ash. It is not too much to believe that some 
of the variability of the species may have been produced by the 
rather frequent slight changes of external conditions which must 
have accompanied the vulcanic! ty of the Lo'wor Carboniferous age. 
Indeed, the volcanic ejectamenta appear to have finally destroyed 
the life of the individuals over the area, for the species are not 
found in a higher geological horizon. 

The examination of the numerous species and varieties of the 
genus established by Lonsdale enables the truth of his description 
and diagnosis to be appreciated. His only mistake was an omission ; 
for when he stated that the species increased fissiparously, he did 
not also state, what has been shown here, that gemmation also 
occurs. The description given of the tabulae by Lonsdale is correct, 
and so is that of the acicular points sometimes becoming rods which 
do not extend for any groat height in the centre of the corallum. These 
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pduitB TiBO from the BHrface of a tabula, and when thero are rods 
they transfix, as it were, several tabulae. The rods are rarely seen, 
but, by seaxcbing, some 'wiH be found in a somewhat definite per- 
centage of corallites. The triareal nature of the corallites is to be 
recognized, but it is a term which has become disused, especially 4B 
the endotheca only gives characters of second-rate importance as a 
rule. 

The fissiparity is much better shown in the specimens herein de- 
scribed than it was in those seen by Lonsdale, and there are three kinds 
of the process. In some corallites bonding in and figure of 8 occurs, as 
in the Mesozoic and Recent Corals, and division took place at the nar- 
rowing. But usually a ridge grows across the corallite, and septa are 
formed on either side, and then the ridge, which, for a time, has been 
partly the wall, separates into two portions. The third method is 
singular, for two ridges grow towards tho centre of a corallite, and 
one reaches the other at right angles near the axis, and thus the 
appearance of a trilobcd budding is presented ; but it is evident that 
septa only grow from the ridges, and that would not he the case in 
buds. After separating, the new corallites grow upwards away 
from one another. The ridges, which have so much to do with the 
two commonest kinds of fissiparity, are tho extension inwards of 
oppositely placed large septa ; the inner ends unite and shut off the 
two parts of tho corallite, and septa grow from the faces looking 
towards the new central areas. In another form it appears as if a 
tabula turned up or grow up at its outer edge and stretched across 
the corallite at the calioe ; it came uj) to tho bottom of the \usceral 
cavity, and then septa grew from both sides of it and fission occurred. 

Fissiparous growth is a very rare phenomenon amongst the Rugose 
Corals, and, so far as is known, l>iphyiphyTluni is the only genus 
in which it occurs. The alliances of tho genus need hardly he 
noticed hero, as they have been discussed by Milne-Kdwards and 
Jules Haimc, and especially by De Koninck in the work already 
quoted. 

The presence in Scotland of a species of a genus which would come 
within that which should receive De Koninck’s D. concAnnum. (nojj 
Lonsdale) has been discovered of late, and it necessitates the re- 
definition and renaming of the Belgian tj^po, so as to 8ei>arate it from 
the fissiparous form. This new genus will form the subject- <>f a 
future communication. 


EXPLAIVATION OF PLATES IV. V. 

Plate IV. * 

Fig. 1. DipJiyphyllum concimmm, Lonsd., transverse section showing fissiparity. 

2. , var. fiircatum. 

3. Blackwoodiy Thoms,, transverse section, 

4. , var. ajyproximatum^ transverse section. 

5. cylindrievmy Thoms., transverse section ; 6 a, longitudinal section 

of corallites, 
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Plate V. 

Fig. 6. Diphyphyllum latiseptaiuni^ M‘Coy, traiisTerse section. 

7. , var. gigantmim, transverse sectirm. 

8. , , longitudinal section of corallites. 

9. , var. interruptumy transverse section. 

10. gracile, M‘Ooy, transverse section. 


Discussion. 

Prof. Duncan, after drawing attention to Mr. Thomson’s industry, 
stated that the communication settled the long-disputed value of 
Diphyphyllum, Lonsd. Lonsdale diagnosed the genus from in- 
difierent specimens, and yet clearly established the absence of a 
columella and the presence of fissiparity in the forms. Mr. Thom- 
son’s beautiful si)ecimens prove that Lonsdale was correct, and 
in addition show that there was also gemmation. It is now evident 
that the opinions of Milnc-Edwards and Jules Haimo about the 
genus are incorrect. In drawing attention to the different aspects 
of the caliees of the Kugosa and of sections made lower down in 
the corallites, Ihof. Duncan remarked that Mr. Thomson placed too 
great a classificatory value on the cndothecal structures, which vary 
in the same coral. 

Dr. HiNmi inquired whether the diagrams exhibited related to 
distinct species or rG]>roaonted characters drawn from different 
species. Is it the case that both fissiiiarity and calicular gemmation 
occur in the same siiecies ? 

Prof. Du.ncan thought the diagrams were intended to be general. 

Prof. liuPERT Jones expressed himself favourably with regard to 
the paper and the specimens. 

The President exjiressed his regret that Mr. Thomson was not 
present to receive the personal congratulations of the masters of 
pala)ontological science ujion his interesting communication. 
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6. On Tertiaby Chilostomatoxts Brtozoa from New Zealand. By 
Abthdr Wm. Waters, Esq., F.G.S. (Read December 1, 1886.) 

[Plates VL-VIII.] 

In the following paper the Chilostomata * from three collections are 
described, two being kindly lent by Miss Jellj’, to whom they had 
been sent by a correspondent living in the neighbourhood of Napier. 
They are from Petane and Waipukurau, both representing a well- 
known horizon, and also some from Waikato t and Trig’s Station, 
Tanner’s Run, besides others designated as from the neighbourhood 
of Napier. 

For the third collection, w'hich is only small, I am indebted to the 
kindness of Professor Hutton, who collected the material from the 
base of the Shakespeare Cliff, Wanganui. , 

Petane, Waipukurau, and Wanganui are known localities in what 
is called the Wanganui system, which Tenison-Woods in his “Corals 
and Br 3 'ozoa of the Neozoic Period in New Zealand ” (Colon. Mus. 
and Geol. Survey’ Dept. 1880), calls “Upper Miocene,” but which 
VrofcBsoT Hutton more recontlj' (Quart. Journ. Geol. 8oc. vol. xli, 
1885, p. 194) calls Newer Pliocene/^ 

The only papers on New-Zcaland fossil Rrvozoa with wdiich I am 
acquainted are those by Tenison- Woods, just mentioned, and one 
by Stoliezka, “ On the Bryozoa from the Marine Beds of the Wait- 
emataschichten of Orakei Baj*.” The Waitemata beds belong to the 
Pareora sjrstem, and arc considered by both Woods and Hutton to 
be Miocene. 

Of some few the state of preservation is ver}’ satisfactory, while 
with most this is by no means the case ; j^et it is often surprising 
to find how in badlj" preserved specimens the chaTacters can be 
distinctly' made out by' a detailed examination of cell after cell. As 
an example, I had examined Lepralia seniilana, var. for 

over an hour before I could tell which was the right way up ; but 
when at last I got the key and examined the best- preserved zooecia, 
the characters were made out as distinctly as in any fossil that 1 
have y et examined. 

The general appearance depends largely^ upon the conditions of 
fossilization, and with most of the fossils now examined is quite 
useless for specific soi)aration ; but during the last few y ears we 
have been taught how, in the recent forms, wo must look almost 
entirely to the zooecial characters, and our knowledge of the fossils 
must be increased by a study’ of each character separately'. It will 
most materially help the study of the recent Bryozoa when the 
descrijjtions are given of the separate organs with the organic integu- 
ment removed, and this must be done before comparisons are made 
with fossils. Through the kindness of Miss Jelly I have been 

♦ The description of the Cyclostomata will shortly follow. 

t This is written “ Whnkati,” but I have not been able to find out that there 
is such a place, whereas Bryozoa of this age are known from Waikato Heads. 
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enabled to make such direct comparisons with most of the recent 
New-Zealand and Australian Bryozoa, making preparations of the 
covers and other parts, and, during the three years that these collec- 
tions have been in my hands, have been preparing myself for dealing 
with the fossils by studying the recent forms. 

There are some people who think it is possible to turn aside from 
other work and off-hand decide on the correctness of an author’s 
interpretation ; but, certainly with such a group as the present, 
criticism such as every author ought to be glad to receive can only 
be of value when the spirit of the work is entered into after pro- 
longed examination. On this account it is much to be regretted 
that there are so lamentably few workers on fossil Bryozoa, whereas 
there are numbers of entirely new fields, and all the older work 
ought now to be revised from our present stand-point in classi- 
fication. 

The genus Memhranipora, which is largely represented from near 
Napier, is not one of the most useful palaBontologically, because (1) 
the shape of the oral aperture is never preserved, but only that of 
the opesial aperture, which is of but secondary diagnostic value ; and 
(2) in this genus the appearance of the zooecia is remarkably modified 
by the i)resence of ovicells, but these arc often wanting both in 
recent and fossil specimens. In fact, among the recent forms, the 
ovicells are not known in one half of the species, and even in some 
of the commonest, such as M. jnlosa^ they have not yet been found. 

It will be seen from a reference to figures 2 and 5, 3 and 6 how 
very different the appearance in various parts of the same colony 
may bo ; and this is by no means confined to the genus Membrani^wi'a, 
but occurs in numerous genera, an example of which may be seen 
in different parts of Microporella elevata^ T.-Woods (see Quart. 
Journ. Geol. Soc. voL xli, pi. vii. figs. 6 and 9). 

In nearly all the commoner species with wide geographical range, 
such as Microporella ciliala, CrihrUina radiata^ lihyncJiopora bi- 
fpinom, Cellepora coronopus^ Crihrdina monoccros, Torella concimia^ 
&c., the mode of growth, the thickness, the structure of the shell, 
the size and number of spines^, the position of avicularia, and other 
characters are known to be liable to great variation, causing the 
appearance to be quite different. Yet notwithstanding this wide 
range in common species, it seems to bo overlooked that the same is 
likely to be the case in species with which we are less acquainted ; 
and the comparisons that I have been obliged to make in studying 
the characters of the fossils have convinced me that not only by 
those fresh in the field, but also by some of our most competent 
workers, local varieties, or even specimens, have in many cases 
been described as species. With the paucity of fossil material, it is 
impossible that this can always be avoided, but I would urge the 
advisability of more frequently indicating the relationships. 

I have never been satisfied as to the separation of Smittia and 
Mucronella ; and although wo seem on the right track with regard to 

^ Thus we have Memlyrani/pora I^acroixii and M. monostachys with and without 
spines. 
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the dassificaiion of the Ohilostomata, there are many points which 
require modification, and the peristomial characters all seem too 
variable to be used for wider classification. 

A list of recent New-Zealand Bryozoa has been drawn up by 
Professor Hutton (Man. of N. Zealand Moll., Col. Mus. Geol. 
Surv. Dept. 1880), and a large number have been described by 
Hincks in the ‘ Annals,’ and some by Busk in the ‘ Challenger ’ Report, 
besides which, as already said, I have had the opportunity of ex- 
amining a series, and now our knowledge of the Australian and New- 
Zealand fauna is being constantly increased by MacGillivray, Hincks, 
and other workers, so that, although much remains to be done, we 
are now gaining a fair knowledge of the Australian fauna. We 
must, however, always remember that in giving the proportion of 
any fossil series known living, this can only refer to the state of 
knowledge at one time ; even since I commenced writing on the 
Australian fossils, dredging has brought to light several species at 
first indicated as only known fossil, so that the proportions then given 
are somewhat changed. 

Besides those mentioned in this and previous papers, Microporella 
'coscin()2:tora, var. armaia^ has been found near Port Phillip Heads and 
Queen’s Ciifi*. Porella emendata^ Waters, has been described in the 
‘ Challenger’ Report (p. 155, pi. xx. fig. 5) as MucroncUa pyrifomiis, 
Mr. Busk does not mention any aviciilaria, but in a specimen 
from Port Western I found avicularia to a few cells, placed diagonally 
as in the fossil. The fossil and recent forms agree in size and every 
particular. 

Oellaria ovicellosa, Waters, has been sent to mo recent from Aus- 
tralia by Miss Jelly, and is, no doubt, the hicornin of the 
‘ Challenger ’ Report (p. 90). 

Memhranipora articulatcty Waters, has sinco been described by Mr. 
Hincks as Farciminarift appevduynluia : and I would take the oppor- 
tunity of again urging the importance of decalcif 3 ing recent specimens, 
for often, as in this case, a very different appearance is given and fresh 
and important characters are seen. If had been done, Mr. Hincks 
would have seen points which have escaped him, and, I think, would 
then have recognized that the species had alread}^ been described. 

Micropora cavata, W., is Asjndostcrma ffh/aniemn. Busk. In each 
paper fresh instances of species with two or more modes of giowth 
have been given ; such cases are constantly" coming before me and 
new ones are mentioned in this paper. Recently Dr. Jullien * has 
made an important addition to our knowledge of the freshwater 
Bryozoa, and shown that, trusting to the mode of growth, a classifi- 
cation has been used which would often bring various specimens of 
a species under different genera, and that a revision similar to that 
which has been made of the Chilostomata is necessary" with the 
Endoprocta. 

Enough is not yet known about the New-Zealand and Australian 
Bryozoa to bo able to fix their exact age with certainty, and this 

* “ Bryozoaires d’eau douce,” par Dr. J. Jullien (Bull. Soc. Zoo], de France 
t. X. 1885). 
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ultimately can only be done by taMng into consideration the various 
groups of fossils ; but the facies of those in hand is so recent, that 
we are inclined to think that some authors have attributed too 
great an ago to the deposits containing them. That they are com- 
paratively recent cannot be doubted, when wo consider what a 
large number are known living in the New-Zealand seas, or are 
represented there by others very nearly related to them. Out of 78 
species, or varieties, 61 are known living, 29 of these from New- 
Zealand seas, 48 from either New-Zealand or Australian waters, 
and 28 have been found fossil in Australia. 

Figures of a few of the chitinous covers of species discussed are 
given, as they are the best indication of the shape of the true oral 
aperture. Figures 34 and 37 are copied and shaded from photo- 
graphs, and on this account it has been convenient to give them on 
a larger scale than in my previous papers. Mr. Busk called them 
the “ chitinous organs,” which is a very incorrect term, as they can- 
not in any way lay claim to be organs, but only covers of organs. 
Neither the opercula nor the mandibles are universally chitinous, 
although usually so, and it would seem best, when they cannot bo 
spoken of as opercula and mandibles, to call them Bryozoal covers. 

With the exception of these and fig. 25 the figures are all mag- 
nified 25 times. 
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1. Cbllaria malyinbk'sis, Busk. 

Cellaria malvinensis. Waters, Quart. Journ. Geol. Soc. vol. xli. 
p. 285. 

Loc. Living : various localities in the Southern Hemisphere. 
Fossil : Australia ; Nelson Waipukurau and Shakespeare Cliff 

(New Zealand). 

2. Membranipora monostachys, Busk. (PI. VI. figs. 3 & 6.) 
Memhranipora monostacKys, Ewsk, Exit. Mils. Cat. p. 61, p\. bix. 

Vox Ent. Hat. VoVyxoa, p. Y6\, 

A specimen from Napier has a large spine below the aperture and 
numerous smaller ones round the opesia. The ovicell, which has 
not been previously seen in M. monostachysy is subglobose, with a 
strong rib on the front enclosing a sub triangular or suboval space, 
which is divided into two equal parish}^ a median rib. The ovicell, 
in structure, somewhat resembles that of M. aurita^ Hincks, and the 
raised rib on the ovicell occurs in many Membraniporcej such as M. 
lineata^ M. yaleata^ M. unicornis^ M, sophice^ M, circumclaihrata^ 
M, dentata, &c. This differs from M, lineata in having a large 
spine below the opesia, but there is no doubt that this, M. pihsa, 
and M, pyrula, Hincks, are closely allied. The ovicell is like that 
of M, valdemunita^ Hincks. Miss Jelly has a recent specimen from 
Napier with similar ovicells. 

Loc. Fossil : Napier. 

3. Membranipora ljneata, L. 

In a fossil from Shakespeare Cliff the zooecium has a thick border 
and was surrounded with spines. The ovicell is short, and betwc cn 
the zooecia there are interspersed small cells, with a small, round, 
or elongate opening ; these I have sometimes called blind cells. 

The form of the ovicell seems to indicate that this is J\J. lineata ; 
but as there are several species closely allied, it is difficult to speak 
with certainty in such a case. 

4. Membranipora Lacroixii, Aud., var. qranbis. (PI. VI. fig. 1.) 
There arc several specimens of Me'inhranipora from Napier which 

I cannot identify with certainty, but which will be recognizable 
when again found. The opesia, 0-4 millim. long, is oval, occupying 
nearly a third of the zcoecia, and has a distinct border upon w^hich 
I do not find any spines. 

The space betw^een the zooecia sometimes bears an avicularium, 
but more often is divided into two or three spaces, sometimes with 
punctures. The ovicell, which is unknow n in the typical M. Lacroixii^ 
is large, raised, globose. 

This is allied to my M. tripnnetata^ but the narrow longitudinal 
band between the zooecia is wanting. 

5. Membranipora Httaierilii, Aud. (PI. VI. fig. 4.) 

Flustra DnmeriJii ^ Aud., Savigny, Descr. de PFg 3 pte, pi. fig. 12. 
For synonyms see Brit. Mar. Polyzoa, p. 15fi. 
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Although the ovicell is wider thau usual, I think this must ho 
regarded as M, Dumerilii, and probably the number of synonj ms 
should be largely increased, as there are many fossil Membra uiporcp 
described with a small avicularium at the base of each zooeciuin. 
In a recent British M. DumeriUi in my collection there is also a 
vicarious avicularium with the lower part wide and circular and the 
mandibular end narrow. 

A curious mistake has been made in uniting Crihrilina Poidlletii 
to this. This latter is pi. ix. fig. 12 of Audouin ; but Alder made a 
slip between pis. ix. & x., and Busk followed him, evidently without 
verification. 

Loc. Living : European seas. Eossil : Crag ; Waipukurau. 

6. Membeanipoba nobilis, Bss. (PI. yi. figs. 7 & 10.) 
Memhranipora 'nobilis, Reuss, Foss. Polyj). des Wien. Tertiar*- 

beckens, p. 08, pi. xi. fig. 26. 

Zoarium adnato. Zooecia oval, surrounded by a border ; in one 
or two cases a vicarious avicularium with semicircular mandible. 
Ovicell small, smooth, with a border round tlie central portion. 

This much resembles M, flustroides^ Hincks, in shape and 
character ; but in the fossil the avicularium is larger, the spines are 
wanting, and the ovicell is somewhat deeper. A round avicularium 
only occurs in a few Memhramjnyra^^ such as M. erasaimaryinata, H., 
A/, lineata^ Manzoni (Bry. of Castrocaro, p. 11, pi. i. fig. 6), 
M, flufitr aides ^ II. 

A specimen from Napier has the cells, in part of the colony, very 
elongate, showing that M, ovaliSf d’Orb., is only a modification of 
this species. 

Loc. Miocene: Austcrlitz. Napier and Petane (N. Z.) : Mt. 
Gambier. 

7. Membeaxipoea soliuula, Alder & I^incks. 

Membranipora soTidala, Hincks, Proc. Dublin ITniv. Zool. & Bot. 
Assoc, ii. pt. i. (1860) p. 75 ; and Brit. Mar. Polyzoa, p. 158, pi. xx. 
figs. 7, 8. ^ 

Memhram 2 )ora papidifera ^ MacGillivray, Tians. Roy. Soc. Yict. 

voh xmi. p. 116 . 

Brfltistra impuUfera, MacGillivray, Zool. of Victoria, decade xi. 
p. 27, pi. 106*. fig. h. 

A fossil from Shakespeare Cliff, growing on Eatxdoplmra^ has the 
zooecia plain, suboval, wdth a thick eren^dated border, and a globose 
ovicell, which is shallow and snjt)oth, with a strojjg thickeuod ridge 
across the upper i>art. , In size and structure of the ovicell this is 
3 UBt the same as specimens from Hastings and Capri, but 1 do not 
find any nodules. This, however, in several other species is not a 
constant character. A specimen from Wai])ukurau Gorge, whicdi 
was sent to me queried as M. papuUfera, is of the same size as the 
one from Shakespeare Cliff. 

Loc. Living ; Antrim, Guernsey, Hastings (Af.), Capri (A. W.), 
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tort Phillip Heads. {MacG,)^ Hew Zealand {Miss Jelly). Fossil : 
Shakespeare Cliff (Wanganui), W’aipukurau Gorge. 

8- Membranipora anritltts, Manz. (PI. VI. figs. 2, 5, & 0.) 

Membranipora a^mulus, Manzoni, Bry. foss. Ital. 4a cont. p. 7, 
pi. i. fig. 0(?); and Bri. di Castrocaro, p. 12, i)l. i. flg. 9. 

Membranipora dentata^ Waters, (iuart. Journ. Geol. 8oc. vol. 
xxxviii. i>. 26J1, pi. viii. fig. 14. 

Membranipora yaleata^ Busk, Brit. Mus. Cat. p. 02, pi. Ixv. 
fig. 5 ; “ Zool. of Kerguelen Island,” Phil. Trans, clxviii. p. 195. 

There are a number of closely allied forms which, through varia- 
tions in the shape of the opesial opening, often differ considerably in 
appearance, but agree in having a central avicolarium, supported'by 
two strong spines on each side, sometimes ccrvicorn, and an ovicell 
widely open with a raised line arching across the front, a short 
distance above the opening, enclosing a narrow depressed area. 
These allies are M. patula^ Hincks, M, cervicornU, B., Flustrellaria 
dental a, d'Orb. 

The present form, wliich I at first thought should be called M. 
deniaia.^ d'Orb., has usually an oval opening ; M. patida has the 
lowei’ edge straight ; M. cervicornis, B., which is no doubt the same 
as M. perversa. Waters, fossil from. Mt. Gambier, has the opesia 
usually nearly straight above and rounded below ; but in a large 
colony of an^ of these species opesia will be found with very different 
shapes. 

In the Hew-Zealand fossils the largo avicularium on the ovicell 
is directed dov. nwards to the distal wall. 

One specimen from Hapicr and one from Waipukurau are bila- 
minate, but the others are adnate. We have also seen M. ctrxri- 
cornis (^perversa, W.) in the V-inculariu-iorm. 8ome specimens 
have an avicularium below the opesia. 

An examination of the British-Museum specimens of Memhrani- 
pora f/aleata, B., made since my plates were prepared, shows that 
this is identical with the fossil. The dcpicssed area on the ovicell, 
which Mr. Busk seems to have oveilooked, is very marked ; 
occasionally there are two avicularia, and the cells without ovicclls, 
with the avicularian chamber xjrojucting forwards, exactly resemble 
my fig. 5. 

As Mr. Busk's description was quite insufficient, it will be best to 
retain Manzoni’s name. 

Lor. Living: Swains Bay, E. Falkland, in 4-10 fath. {Darwin, 
fideT^as/-). Fossil : Pliocene of Castell-Arquato, Parlascio, Orciano, 
Castrocaro {M.) ; Mt. Gambier (Australia) ; Haxner, Waiimkurau 
and Petane (How Zealand). 

9. Membranipoka cervicornis. Busk (non Haswell). 

Membranipora eervicornia. Busk, Cat. Mar. Polyzoa, p. 60, pi. c. 
fig. 8 ; MacGillivray, Zool. of Victoria, decade iii. p. 82, p). xxv. 
fig. 8 ; Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. vii. p. 153. 
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Membranipora perversa. Waters, Quart. Joum. Oeol. Soc. vol. 
xxxviii. p. 264, pi. ix. fig. 32. 

Amphiblestrum eervicome, Busk, Hep. ‘ Challenger,’ Polyzoa, p. 66. 
Loc. Living: Williamstown (Victoria), Curtis Island (^T.). 
Station 162, 38 fath. {B,), Bondi Bay (IST. S. Wales), Adelaide and 
Port Phillip Heads (A, W, W, coll.). Fossil : Mt. Gambier and 
Napier. 

10. Membranipora spinosa, Quoy & Gaimard. (PI. VIII. fig. 32.) 
Flustra spinosa, Q. & G. Voy. do 1’ Astrolabe. 

Me7}thra7tipora ciliata, MacGillivray, Trans. R. Soc. Viet. 1868, 
p. 7 ; ibid. vol. xviii, p. 3, fig. 11 ; Zoology of Victoria, decade iii. 
p. 30, pi. XXV. fig. 3. 

Membranipora spinosa. Busk, Trans. Roy. Soc. vol. clxviii. p. 195, 
pi. X. fig. 3 ; and ‘ Challenger ’ Report on the Polyzoa, p. 04 ; 
Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. vii. p. 150. 

Chaperia australis, Jullien, “ Bry. Cheil.” Bull. Soc. Zool. 1881, 
vol. vi. p. 1 (sep.). 

In the fossil fr(im Napier and in a recent specimen from New 
Zealand there is an elongate lateral chamber on each side below 
the operculum, and a similar structure occurs also in M. anntdus, 
but rather lower down. The length of the opesial opening is in 
both about 0*25 millim. 

Loc. Living : Victoria, Kerguelen Island, S. Patagonia, N. S. 
Wales, New Zealand. Fossil: Napier, N. Zealand. 

11. Membranipora Flemingii, Busk. 

Memln'a^xipora Flexnhiefli, Busk, Cat. B. IVl. ii. p. 58, pi. Ixxxiv. 
figs. 3-5 only ; Hincks, Brit. Mar. Polyzoa, j). 102, pi. xxi. figs. 1-3 ; 
Waters, Quart. Journ. Geol, Soc. vol. xli. p. 288. 

Lor. Living : European Seas. Fossil: A Idinga (Australia), Napier. 

12. Membranipora trieoetum, S, Wood. 

For synonyms see Hincks, Brit. Mar. Polyzoa, p. 1 07. 

The fossil from Napier has zcoccia about half as large again as 
specimens in my collection from the English Crag. 

The opcsia of the Crag specimens are 0*15 millim. wide ; these 
arc 0*25 mm., and M. a^xjjexidirulafa, which is related (see Q. J.XjI. 8. 
vol. xxii. p. 504), has the opesia about 0*4 millim. wide. I am much 
inclined to think that it would bo best to follow Smitt and call this 
M. Flemingii, var. txdfolium. In the Now-Zealand fossil the ovicell 
is flatter on the front than I have before seen. 

Loc. Living ; Northern Seas. Fossil ; Crag, and Napier. 

13. Membranipora occultata, sp. nov. (PI. VI. figs. 12, 13, and 
PI. VIII. fig. 40.) 

Zoarium adnate. Zocecia quadrate, sloping inwards towards the 
opesia, with three spines on the upper border. Opesia nearly 
straight below, rounded above, with the sides nearly straight, and a 
broad serrated edge or denticle on the proximal border. In the 
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older parts there is a thick calcareous deposit between the cells, so that 
the mouth is buried at the bottom of a deep cavernous opening, and in 
the raised calcareous part there are numerous triangular avicularia. 

A number of the chief characters remind us of Hhynch-oiiora pro- 
funda, MacGillivray or Little-known Polyzoa, x)t.iii. p. 2, fig. 8), 

and possibly some of the characters are hidden by the calcareous 
growth in MacGillivray’s si>ecimen. 1 should not have been aide to 
make out all the characters from the fossils, but, having seen them in 
recent s])Ociincns, the fossils became quite clear. 

Loe. Living : New Zealand. Fossil: Naiuer (N. Z.). 

14. MoNOrOHELLA CAPENSIS, Busk. 

Ainp/iihlestrum capatsc. Busk, ‘ Challonger ^ Ileport on the Poly- 
zoa, X). ()7, id. xxiii. fig. B. 

Such a form as the xjreseiit sliows at what a great disadvantage 
the paheontologist is placed in consequence of being unable to find 
out the form of the Bryozoal covers, for there are many sxKicies of 
JUemhranipora resembling the X)rescnt sx)ecies in the Hhai)e of the 
ox>ening ; but these, such as jVf, dentata^ A1 , anyidosa, Ac., have a 
small opercular aperture in the membrane covering the opesia. In 
this sx)ecies, on the other band, the opening is entirel}^ closed by a 
subcircular or ellix>tical operculum. 

In a recent sx)ecimcn in my collection, from Algoa Bay, South 
Afri(!a, the zoarium is erect, ('yliiidrical, or subcom])rcsscd, just: as 
figurttd by Busk, and some cells have the t wo spijies as described ; 
but the majority are without si)ines, ;i.nd in nojie of tlie fossils do 1 
find any traces of them. Tlie Napier and Waipukurau fossils are botli 
adnate, whereas the one ti-orn >Siiakest»eai‘e Cliff is a flat Idlaminaie 
fragment. Opesia of all i) lj mm. wide. Both FluHtrdlaria Udm-' 
Iona, d’Orb. (Pal. Fr. pi. 727. fig. 10), and Bljlastra FrazdLi, Novak 
(Bbhm. Xreido, j). 18, id. iii. ligs.20-2b), are closely allied to this. 

//oc. Living : Simon’s Bay, Cax)e of Good Hox)e (B.) ; Algoa Bay 
( TF.). Fossil; Waipukurau, Wanganui, and Naxucr. 

15. MoNOrORELLA CATENSIB, B., Var. DENTATA, nOV. (PI. VIIT. fig. 2)9.) 

There is a sx>ecimen from jSaxder wdiich, on aceount of a curious 

structure, it may ho best to regard as a variety". In the upx^er 
part of the zomcium there axqjear to be two dcmticles extending 
some little distance below the ax)erture, but these are only a x^i’t>“ 
longation of a tube from one zoeocium to another ; in the middle of 
this tube is the rosette-xdate. The distal roBette-x>late is, in many 
cases (as, foi‘ example, Lepr alia folia rea^, in the middle of what wo 
may call a rosette-tubo ; but I know of no other instance in which 
it is x^rolonged in this way. 

10. Monopokeula citAssATiNA, Waters. (PI. Vll. fig. 15.) 

Monoporella crassatina. Waters, Q,uart. Journ. Geol. 8oe. vol. 
xxxviii. p. 270, pi. vii. fig. 8 ; ihuL vol. xxxix. p. 435, and vol. xli. 
p. 291. 

Having seen a recent specimen from Now Zealand, and having 
Cl. J. G. S. No. 109. E 
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a fossil with a very larjre, much raised oviceil, both broader and 
longer than the length or width of a zooocium, I now think that I 
made a mistake in uniting Lepralia japonica of Busk with this 
species, although thej^ arc no doubt closely allied. 

The operculum of the recent specimen from New Zealand is thick, 
membranous, nob chitinous, except at the borders, and has two 
lateral projections directed towards the basal wall of the zooecium, 
showing similarity, in this respect, to Metnhranipora and Cellaria, 
It is about 0-35 mm. wide. 

Loc. Living: New Zealand {A. TK. W. coll.), Possil : Mount 
Gambier, Waurn Ponds, Aldinga and Piver-Murray Cliffs (Aus- 
tralia), Napier, Waipukurau and “ Whakati ’’ (New Zealand). 

17. Monoporella disjuncta, Manz. (PI. VI. fig. 8.) 

Lepralia disjuncta., Manzoni, Bry. Plioc. Ital. coiit. la, Dcnkschr. 
Ak. Wissensch. Wien, vol. li\. iJSfil), p. 5, pi. i. fig. 8, and Bri. del 
Plioc. di Castrocaro, p. 2f>, pi. iii. fig. 35. 

‘I Lepralia urceolata.^ Hutton, Manual of New Zealand Moll. 1880, 
p. 192. 

^Lepralia Auingeri, Pss. Poss. Bry. (Est. Png. p. 166, pi. viii. 
fig. 2. 

Zoarium adnate. Zoceoia subovatc, distinct, not very much raised, 
surface covered with very minute granulations. Pour spines above 
the oral aperture, which is largo, rounded above, straight below 
(0*25 mm. v/ide). 

This I at first called Monoporella cra.^isatina,, W., var. micrograna, 
but it-seema to bo identical with the diynncta of Manzoni, and this 
and the last species no doubt arc related to M. poUta., Norm. 

Log, Living: NewZealaud? Possil: Pliocene, Castell-Arquato, 
Castrocaro (Italy) ; Napier (New Zealand). 

18. Monoporella waipukurensis, sp. nov. (PI. VI. fig. 11.) 

Zoarium adnate. ZooBcia oblong, distinct, arranged in parallel 

series. Oral aperture (0*15 mm.) about half or a thiid of the 
width of the zoa^cium, straight below, rounded above, witli an umbo 
below the aperture. Oviceil small, globular, raised ; surface of 
zooecium and oviceil punctured. 

The figure of Lepralia ruhens, Stimpson, looks like this species, 
and the fossil is no doubt closely allied to Cgclicopora ]rralon</a,^ 
Hincks ; but from comparison of specimens in my collection they do 
not seem to bo identical. 

Loc, Napier, Waipukurau cutting, and Trig’s Station. 

19. Steganoporella neozelanica. Busk. 

Vincularia neozelanica.^ Busk, Quart. Journ. Micr. Sci. n. s. vol. i. 
p. 156, pi. xxxiv. fig. 5. 

Steganoporella neozelanica^ Hincks, Ann. & Mag. Nat. Hist. ser. 6, 
vol. ix. p. 82, pi. v. fig. 9. 

It is exceedingly difficult to distinguish S, magnilahris and S, 
neozelanica without the opercula, and the determination of fossils 
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therefore requires great care. In S. magnilahris the shelf at the 
upper part of the opercular opening is much wider than in S, neo- 
zela'nica^ in which it is usuall}' quite rudimentary ; the lip is also 
wider and much raised, forming a support for the base of tlie oper- 
culum. The tubular passage is also more distinct in S, mafj nilabris. 
None of these characters are very satisfactory, as they are all sub- 
ject to more or less variation. The fossils from Curdies Creek, 
Mount Cambier, Jlairnsdale, JBatesford, and Murray Cliffs (Aus- 
tralia) all show the inatjnilahris characlers; but a further exami- 
nation of the Waipukuraii and Petane fossils shows that they are 
S. neozelanica in the Zc/>mZia-stage. 

Loc. Living: New Zealand. Possil: Waipukurau, Petane, and 
Naijicr (New Zealand). 

20. Micropora lepida, Hincks. 

MonoporeUa lepida, Kincks, Ann. & Mag. Nat. Hist. sor. 5, vol. viii. 
p. 59, pi. ii. fig. 2. 

The fossil from Napier, New Zealand, corresponds in size with a 
recent specimen from New Zealand. The oral aperture in both is 
0‘l-0-12 mm. 

Lor. Possil : Napier. Living: Curtis Island (//.) ; New Zealand 
{E. C. J.). 

21. Mtoropora V art perforata, 8p. nov. (PI. Till. fig. 27.) 

This species has caused me groat difficulty, as there are appar- 
ently two Australian and New-Zealand species, or varieties, most 
closely allied, and on none of the characters alone could the sdfjiara- 
tion be made. The first of these two is slightly the larger, but 
has a narrower operculum (0*12 mm.), relatively longer from the 
proximal to the distal edge, with lateral hinges as in Mcnihratripora^ 
and the whole surface is similar in texture ; there are two lateral 
spines. The ovicell is large and not much raised, and the oral 
aj)erture of the ovicelligerous zocncia is larger than that of the non- 
fertile ones. On each side a little below the orifice thei e is a large 
circular perforation, and in some specimens many zomcia have a few 
Bupplemeutary ijores, usually smaller, round the edge of the cell ; the 
avicularium is smaller than in the following form, and the mandible 
has a small central opening. 

This is Menihranipora Site nostoma ^ Busk (Cat. Mar. Polyzoa, p. GO, 
pi. c. fig. 1), but the iusufticient description has made it impossible 
to be sure what was meant, and therefore the name must be droj>ped 
as it has since been more full}^ described as M. perforata., MacG. 
The aperture of the ovicelligerous zooecium is figured by Busk larger 
than that of the other zocecia ; but no difference in size is mentioned ; 
his figure has been drawn from a specimen covered with an in- 
tegument, and the large openings on each side have been over- 
looked, although they are very distinct in the Museum slide. 

The second form, which I now separate with some doubt and 
call variperf Grata, on the other hand, has an operculum 0*14 mm. 
wide, with the upper half the thickest and the lower composed of 

E 2 
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two layers ; the avicularium is smaller, but the opening on the 
mandible is larger ; the ovicell is smaller and more concealed. 
In this also there is a similar perforation, and also, in some cases, 
others round the edge of the cell ; but this seems to be rare. 

The fossils from Napier, Waijiukurau, “ Whakati,” and Trig’s 
Station agree with this last ; and while some specimens may have 
an avicularium to almost every cell, in others they are seldom found, 
and in one case thej’ seem to be altogether absent. In many zocecia 
there is a xjroj< cting boss, which seems to )>e imi)erforabc, replacing 
the avicularium. 

These two foi-ins arti (.evidently closely allied to JSL cui'iaeea, l>ut 
differ in not having a knob. 'J’he “ kno]> of AI. corluccd forms a 
chamber whicli communicates Avith the interioi* by means of a rosette- 
plate. (1 liave already, in a Ite^joi't to the hritish Association on 
the Naples Zoological Htation, 1880, pointed out that l osctte-platcs 
occur at the base of tiic spines of Meinit. veriucornh.) It is also 
allied to Micropora lepida^ Hincks, to which it is very similar in 
appearance when there is a row of ])ores round the edge. The 
mandibki of M. coriacea has a central ridge from the heak, and the 
same structure is seen in the other two species. 

22. MEMRKANiroRELLA NiTiuA, Johiisi., vav. (PI. \ll. lig. 18.) 

There are tAVo fossil specimens from Wnipiikurau, which differ from 
recent ones from “ New Zealand’* onlj- iii having four spines, and 
this is probably not a A^ery important character. TJie loAver lip is 
thick^iH^d, and this is the case in a recent sjx cimen from Capri : 
the ovicell has often more or l(.‘ss of a ked, and lias ;i ridge Avliich 
cuts off the lower ]>art, and in this respi'ct resembles AI. disiaas, Mac- 
Oillivray (Descrij). of NeAV or Little-knoAvn I’olyzoa, pt. 2, pi. ii. 
lig. r>). In the fossils tliere are no aA’icularia, Avhereas in a recent 
specimen of this variety from Ncaa^ Zealand there is a large s])atulatc 
vicarious avicularium, like that figured bj- Pusk for C rdn'iUnd plillo- 
raela^ var. adnatrr. Tlie costie A^ary from livo to eight, on a side. 

'Wc seem now to haA^o various links, recent and fossil, between 
C. firjidwrh^ O. phdomela^ and AreridtratJ^pionlla nHidu^ and there is 
no hard and fast lino between (h thrUlrKt and Merkdiraniporclla. 

Z^c. laAnug; Ncav Zealand. Fossil: Najaer, Waipukurau. 

23. Cribbilina monocekos, Busk (non Keuss). 

Lepralia rnonoreros. Busk, Brit. IVlns. C^it. p. 72, jt. xeiii. figs. 5 
and 0 ; MacCillivray, Zool. of Victoria, decade iv. j). 32, i)l. 38. 
figs. 1 and 2; liidley, Zool. Coll. ‘Alert,’ Proc. Zool. Soc. 1881, 
p. 51. 

Crihriliaa inoHOceros^ Hincks, Ann. & Mag. N. H. ser. 5, vol. Adii. 
p. 57, pi. iii. fig. 0, and vol. xiv. p. 279, pi. viii fig. 5 ; Waters, 
Q. J. G^eol. Soc. Ami. xxxviii. x>- ; Busk, Hep. of ‘ Cliallenger ’ 

Polyzoa, p. 133, pi. xix. fig. 8. 

In the Nai>ier fossil the size of the aperture corresponds with that 
of recent specimens and of the Bairnsdale fossil. In a recent 
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specimen from Port Western there are lateral denticles and a con- 
traction some distance down the aperture, which may represent the 
teeth, which are so marked in the Bairnsdale fossil, but have not 
been found elsewhere. I believe that L. monoceros and L, larvalis 
MacGillivray arc entirely different. 

Log, Living : Straits of Magellan, 10-20 fath., Tierra del Fuego, 
19 fath., Falkland Islands, 4-1 0 fath.,Capo Horn, 40 fath. (H.); Eliza- 
beth Island, 0 fath., Sandy Point, 7—10 fath., Tom Bay, 0-30 fath. 
{Jt.) ; Bass’s Straits (I/.); Warmambonl ; ‘Challenger;^ 

station 103 ; Port Jackson, 35 fath. ; st. 303, 1325 fath. ; st. 235, 
K. Pacific, 3125 fath. ; st. 315, 12 lath. Fossil : Bairnsdale 
(Victoria) in Eschara-form, Haxnor (N. Zeal. ) adnate, Petane. 

24 . Cribriltna fioularts, Johnst. 

Crihrilina fynlaris. Waters, Quart. Tourn. Geol. Soc. 'vol. xli. 
]). 293. 

Specimens from Waipukurau are very distinctly carinate down 
the centre, and there is a considerable margin of smooth cell ; the 
ovi cells are those characteristic of fi(/idarw^ but I do not find any 
avicularia. Perhaps this is LejU'alia Uaacyn^ Itss. 

hoc. Living ; European Seas, Marion Islands, and Heard Islands. 
Fossil : Crag ; lliver-Murray Cliffs, Waij^ukurau. 

25, Cbibrtlina radiata, Moll, var. ENDLTeuEia, Rss. 

Lepralia Endlidicri, lleuss, Foss. Polyx). Wien, p. 82, x>l* ix. 
fig. 27, and Foss. Br 5 \ (Est. ling. Mioc., Denkschr. Ak. Wissensch. 
Wien, vol. xxxiii. x>* 171, xd* i* fit?* 0. 

A fossil from Tshix^ier Harbour has short, broad, oval zocecia with 
very solid shell. The ribs are irregular, usually 0 or 7 on a side. 
The oral aperture is larger (0* 15 mm. ) than that oi‘ typical (7. radiatft^ 
and below it there is a distimtt raised tubular ])oro surrounded by 
a border, so that it ax>x>ears marsnpiatc. The ovicell is about the 
width of a zooncium, and, as far as can bo judged, this has a radiate 
structure. The L. EndlUdicrl of Jiouss has been found in several 
Miocene localities of Austria and Hungary. 

20. Micropokella ciliata, Pall. 

Eschar a ciliata, Pall. Elench. p. 38, and for synonyms see Hincks, 
Brit. Mar. Polyzoa, p. 200. 

Lepralia calabra, IScguonza, “ Formazioni Terziarie, ” Accad. 
Lincci, cclxxvii. p. 201, x>l. xv. fig. 0. 

The fossil from Trig’s Station has a large round suboral pore on a 
prominent mucro, and the aviculariaii ox)cning is nearly round ; 
surface x>i^ii^<^tured. Qral axierture Ol mm. wide, with six sx^ines. 
This form is the Lepralia plcuropora, Rss. Foss. Bry. Gist. Ung. 
Mioc. x>* 1*53, pi. iv. fig. 11. 

The specimens from “ Whakati ” and Na])ier have a smaller round 
or lunate suboral pore with larger avioularian (vibracular) opening, 
and tho avicularian chamber forms a tube or tunnel with the opening 
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directed towards the centre of the zooecium. This form is the 
M. calahra of Segiienza. 

The specimen from Waipiikiirau has rather smaller zooecia than 
the others, but the oral aperture of all is about OT mm. wide. 

Xoc. Living : Cosmopolitan. Eossil : Miocene, Austria and Hun- 
gary ; Pliocene, Italy and Sicily, English Crag, Mount Gambier 
(Australia), Napier, Waipukurau, and Trig’s Station (New Zealand). 

27. Miceoporella Maltjsii, And. 

Microporella Mahisiij Aud., Waters, Q. J. Geol Soc vol xxxix 
p. 437. 

Loc, Living : European seas, S. America, N. Zealand, Australia. 
Eossil : English Crag, and Pliocene of Italy, Bird Bock (Victoria), 
Napier, Petane (N. Zealand). 

28. Microporelea (?) macropora, Stol. 

Lejindia macropora, StoHczka, dig. Bry. von Latdorf, p. 84, pi. ii. 
fig. 3; Sitz. Ak. Wien, Math.-nat. CL Bd. xlv. Ablh. i. 1862.* 

E^charvpora stellata, Smitt, Eloridau Brvozoa, p 26 nl vi 
figs. 130-133. ^ i ‘ • 

Microporella macropora. Waters, Quart. Journ. Geol. Soc. 
vol. xxxviii. p. 267, I>1. viii. fig. 18. 

Microporella stellata, MacGillivraj*, “New or Little-known 
Polyz.” pt. 2, Tr. Boy. Soc. Viet. vol. xix. p. 131, pi. i. fig. 4. 

The fossil from Waipukurau has an avicularium at each side of 
the aperture, and should, as 1 have before })ointcd out, perhaps bo 
called var. Inarmata on that account: and I have again to re])eat 
that although no suhoral pore is known, the generta characters are 
those of Microporella, the genus in which Professor MaeGillivray 
has also placed it. ^ 

hoc. Living: Port Phillip Heads {MacO.)\ Port Phillip ( TP.) ; 
Elorida (N»k). Eossil: Miocene, Latdorf (with one avieulaiium) • 
Waipukurau. 

29. Microporella pecorata, Bss., var. angestipora, 

Microporella diadema, MacG., form anf/nslipora, Hincks. Ann. 
& Mag. Nat. Hist. ser. 5, vol. xv. p. 249, pi, viii. fig. 3. 

MaeGillivray and Hincks have made several varieties of M. dia- 
dema ; hut it seems to me that they should he called varieties of 
M. decorata, Bss. In the typical M. decorata the avicularium is 
directed directly distally, and in the recent forms there is consider- 
able variation, as, for example, between var. lata and var. lunipuncta 
MacG. ’ 

In a fossil specimen of the typical M. decorata, from Vjgna di 
Mare, near Beggio, Calabria, the shape of the ovicellis the same as in 
var. diadema and lunipuncta, aud, so far as the state of preservation 
allow^s of comparison, the other cliaracters are the same. 

It seems to me that we should divide this group into M, decorata 
Bss., typica ; var. diadema, MacG. ; var. angustipora, Hincks ; var! 
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lunipxincta^ MacG-. ; var. longispina^ MacG. ; var, latUj MacG. ; var. 
canal icidata, MacG. 

Loc, Living: New Zealand. Fossil: Waipukurau, Napier, Petane, 
and Trig’s Station (New Zealand). 

30, Mtcroporella maonirostris, MacG. 

Lepralia magnirostris^ MacGillivray, Trans. Koy. Soo. Viet, 
vol. xix. p. 134, fig. 6. 

Microporella mor^mros^m. Waters, Quart. Journ.Geol. Soc. vol. xH. 
p. 296. 

Microporella introversa. Waters, Quart. Journ. Geol. Soc. vol. 
xxxviii. p. 268, pi. ix. figs. 33, 34. 

Porina magnirostris, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xiv. p. 279. * 

Both specimens from Waipukurau are in the Pschara-stage, and 
in the one from “ W. cutting it forms a contorted undulating 
anastomosing mass. 

Loc. Living : Port Phillip Heads. Fossil : Mt. Gambier, B-iver- 
Murray Clifts, Waipukurau and “ Waipukurau cutting.” 

31, Mucronella mitcronata, Braitt. 

MvA^ronella mucronata.^ Waters, Quart. Journ. Geol. Soc. vol. xli. 
p. 293. 

Loc. living : Florida. Fossil : Curdies Creek, Mt. Gambier, 
Bairnsdale, Muddy Crock, and Murray Cliff's (Australia), Napier 
(New Zealand). 

32, Mttcronella nitida, Verrill. 

For synonyms, see Waters, Quart. Journ. Geol. Soc. vol. xli. 
p. 293, to which add 

Smittia reticulata.^ var. .^patJiulata, MacGillivray, Trans. Boy. 
Soc. Victoria, vol. xix. p. 135, pi. iii. fig. 14. 

Smittia reticulata MacG., var., Hincks, Ann. & Mag. Nat. Hist, 
ser. 5, vol. viii. p. 64. 

Although MacGillivray describes his variety as with spathnlate 
avicularia, the avicularium figured can scarcely be called spathulate, 
and in the shape there seems to be great variability. I have speci- 
mens from Bapallo (N. Italy), and Victoria (Australia), in which 
the large avicularia are broadly ligulate, while the small avicularia 
are oval and have rounded ends. In all cases, the avicularium on 
one side is large, on the other small, and the name inerquaVs., which 
I gave to the Neapolitan specimen, calls to mind the most important 
character. 

Loc. Living: Viney^ard Sound and Long Island Sound (P".); 
Africa (H.); Victoria Bank, S.E. Brazil, 32 fath. {Jiidley); Victoria, 
Bass’s Straits {Uincks) ; Naples and Bapallo ( Waters). Fossil : 
English Crag (TV.); Bairnsdale (Gippsland), Biver-Murray Cliff 
{South Australia) ; Waipukurau, Napier, and Tommy Gully (New 
Zealand). 
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33, Mttoroneixa PRaasTANs, ffincks. 

Mucronella prmstaii^^ Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. X, p. 99, pi. vii. fig. 1 . 

Mucronella duplicata^ Waters, Quart. Journ. Geol. Boc. vol. xxxvii. 
p. 828, 1)1. xvi. fig. 54, and vol. xxxviii. p. 206. 

The fossils from Waipnknrau arc surrounded with large pores, as 
in the Curdies-Croek sj^ecimen, and some cells have similar avicu- 
laria, but they do not occur in all. My J/. duplkata was described 
from a fragment of only a few cells, and althoiigli J also referred to 
a recent specimen sent over by Mr. Hutton as Lepralia vaHolom, 
and gave p/irticnlars, it may, perhaps, he best to break the rule 
concerning i)riorit 3 ^ and adopt IVIr. Ilincks's name. 

This is allied to M, rorchie^f, but dilfers in the larger oviccll, which 
is not recumbent. 

Loc. Living : New Zealand. Fossil : Ciirdics Creek (S.W. 
Victoria) ; Mt. Gambicr in V'hirala7'ia-siiiy;o x WMii)ukurau, Petane 
marls. 

84. Mucronella Peacuii, Johnst. 

This occurs fossil from Naiuer and i)robably the other localities ; 
but in the fossils it is verj^ difficult to always distinguish between 
this and the following variety, which is common. 

85, MuCRONELTiA PEACIIIT, Var. OCTODENTATA, IlinclvS. 

Mucronella Peacliii^ var. /3. octodentata^ Hincks, Brit. IVlar. Pol^ zoa, 

p. 861, pi. li. fig. 2. 

Mucronella tares, Hincks, Ann. & Mng. Nat. Hist. ser. 5, vol. viii. 
p. 65, ])1. ii. fig. 5. 

Mucronella sjclnosissirna, Hincks, loc. cit. pi. iii. fig. 2. 

? Mucronella vcntricosa, var. nhulflspinuirt. Busk, ‘ Challenger ’ 
Repot on the Polyzoa, p. 160, ])1. xxii. fig. II, 

? jSItic ronella la-vis, MacGillivray, Trans. Roy. Boc. Victoria, 
vol. xix. p. 186, j)l. iii. fig. ](>. 

Lcjpralia arrecta, Rss. Br}'. (Kst. Ih\g. IVIioe. p. 24, pi. ii. fig. 11. 

This is a common fossil from Waipukurau. The zoariiim is adnate, 
with distinct, raised, ovate, smooth zocecia ; peristome raised all 
round, w’ith about eight spines on the up]jer part, and a broad flat 
denticle in the oral aperture directed dowmwai*ds (towards the 
neural wall) ; this denticle closes about one t hird of the ai)crture. 
Usually a row of pores round tho border of the zotneium. Ovicell 
small, gh)hular, smooth, rcciindicnt. 

Perhaps this should ho called M. Qrotriana, Btol. (see Reuss, 
Fauna Sept. p. 57, pi. vii. fig. 1 ; Denkschr. Ak. Wissensch. vol. xxv. 
p, 173, pi. vii, fig, 1), w’^hich only dilfers in the absence of spines. 
L, Homesi, Reuss, is also closely allied. 

Loc. Living: Bhetland (A. M. IV.); Capri (A. W. TT.) ; Curtis 
Island (//.) ; Station 148, and Ihdnco Edward’s Island, 80-120 
fath. (H.) ; New Zealand species sent by Miss Jelly. Fossil ; WaR 
pukurau, Trig’s Station (Tanner s Run), and Napier (N. Zealand), 
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36. Mdcronella ? alvareziana, d’Orb. (PL VII. figs. 24, 25.) 

^scharina alvareziaiia^ d’Orb. Voyage dans PAmcrique, t. v. p. 14, 
pi. vi. figs. 1, 4. 

Lepralia alata^ Busk, Cat. Mar. Polyzoa, p. 71, pi. Ixxix. fig. 3. 

Mucronella alvarezi^ Jullien, “ Bry. Cheil.” Bull, Soc. Zool. 1881, 

p. 6. 

Two specimens from Waipukurau have subhexagonal zooecia, with 
radiating grooves on the fi-ont and a very prominent umbo in the 
centre, a small avicularium or vibraculum on each side about the 
middle ; a row of large pores round the edge of tbe zooecium 
situated between the grooves. Above the oral aperture 4~b spines. 
Oral aperture about 0*1 mm. wide, rounded on the distal edge, 
nearly straight below, forming a semicircle ; the lower edge is 
minutely serrated, with three small teeth in the centre ; on each 
aide of tlic aperture a denticle directed inwards. 

This differs from L. alata^ as described by Busk, in the number 
of spines, and his description leaves us in doubt as to the aperture ; 
and merely from the fossil it is impossible to be quite sure as to the 
genus. As Lepralia alata has never been returned to the British 
Museum, I have been unable to make a direct comparison. 

Loc, Cape Horn, 40 fath. (B.); Pcuu (d'O.); Valparaiso (,/.). 
Eossil : Waipukurau, Trig’s Station, and “ Whakati.” 

37. Mucronella tricuspis, Hincks. 

Mucronella tricuspis^ Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. viii. GO, pi. iii. fig. 1. 

Mucronella munita^ Macdillivray, Trans. Koy. See. Victoria, 
vol. xix. p. 130, pi. ii. fig. 10. 

A specimen from Petane has a row of j)ores round the edge, and the 
peristome rises less vsuddenly out of the zooecium than in my recent 
specimen. There are lateral acute avicularhi, the ovicell is recum- 
bent, and the fossil most nearly corresponds with MacCilliv ray’s 
figure. 

Loc. Living: Curtis Island (I/.); Port Phillip Heads and New 
Zealand {MnvG), Fossil : Petane. 

38. Mucronella tricuspis, Hincks, var. waipukurensis, nov. 
(PL VIII. fig. 30.) 

There is a worn fossil from Waipukurau, which, upon comparison 
with M, trleuspis, Hincks, turns out to bo of the same size, and cor- 
responds with it in the screcii-like elevation, in both cases enclosing 
two tubes, as mentioned on page 5^). In the’ fossil, however, the 
slender lateral mandibles are wanting ; but there have been small 
and apparently nearly round avicularia near the base of the 
zooecia. 

39. Mucronella porosa, Hincks, var. minima, nov. (PL VIII. 
fig. 31.) 

A fossil from Petane has the upper part of the zooecium thickened 
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and raised, and below this large pores on the surface of the zooecia. 
There is a raised suboral avicularium directed laterally, and some- 
times also a small round avicularium at the side of the aperture. 
Ovicell almost concealed in the zooecinm above. The oral aperture 
is about 0*16 mm., whereas in recent specimens of M. poi'osa from 
Port Phillip it is 0*33 mm. 

40. Mucronella (?) Liversiugei, T.-Woods. 

E&cliara Livei'fiuJtjei^ T.-Woods, Some Tcrt. Australian Pol 3 *zoa, 
Ro\^ Soc. of N.S.W. 1876, jj. 3, figs, xi., xii., xiii. 

A fossil from Waipukurau has the proximal edge of the aperture 
nearl}’^ straight, the distal rounded, and a little distance down the 
aperture there is a semicircular ridge which almost divides it into 
two parts. This, I believe, is the lower edge of the concealed 
ovicell, as we sometimes see it in Cellaria. 

Just below the oral aperture there is a much raised protuberance, 
and on each, side of this a large semicircular pore ; below the pro- 
tuberance there is a large round pore, below which, again, there is 
usually a small one, which may be elongate. 

Xoc. Fossil: Mount Garubier ( TFoo^As*), AVaipukurau. 

41. Mfcronella eirmata, sp. nov. (PI. A^II. fig. 20.) 

Zoarium adnate. Zomcia broadly ovate, distinct, raised, coarsely 
punctured over the entire surface. Orifice almost semicircular, with 
a scpiare tooth on the lower margin ; peristome forming a broad 
thickened border round the upper part of the orifice, and thickened 
at each side near the base. 

This differs from PJiylaHtlla lahrosa, P., in having no raised 
peristome below the mouth. 

Loc, Fossil ; Napier and AA’^aipukurau. 

42. Smtttia RETICULATA, MacG. 

A badly-preserved Smiltia from Whakati seems to be S. reticulata. 

43. Smittia Landsborotit, Jolmst. 

Lepralia Landsborovii, Johnst. Prit. Zooph. ed. 2, p. 310, pi. liv. 
fig. 9. 

Loc. Living : Arctic and British seas, Mediterranean, Australia. 
Fossil: lliver Murray Cliffs (Australia); Petane (New Zealand). 

44. Smittia BiiNCisA, AVaters, var. bicuspis, Hiucks. 

Mucronella hicuspis, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xi. p. 110, pi. vii. fig. 2. 

The fossil from Mount Gam bier (Quart. Journ. Geol. Soc. xxxviii. 
p. 272, pi. vii. fig. 1) has the avicularia more raised and has more 
large pores ; but I have a recent specimen from New Zealand with 
more pores than Mr. Hincks figured, and with the avicularia more 
raised. The denticle ranges from being deeply cleft to being 
expanded and nearly flat at the tip. 

In the important characters the two are unmistakably allied. 
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and it is with some hesitation that I make a variety of the New- 
Zealand fossil and recent specimens. 

Loc, Living : New Zealand. Fossil : Waipukurau. 

45. Smith A Napierii, Waters. 

Smittia Napierii^ Waters, Quart. Journ. Geol. Soc. vol. xxxix 
p. 438, 1)1. xii. tig. 14. \ 

It has been thought that this was the Mucronella tricuspis of 
Hincks (Ann. & Mag. N. Hist. ser. 5, vol. viii. p. GO, pi. iii. tig. 1), 
and at one time I concurred in this view, which was based upon 
the examination of a specimen which Mr. Hincks himself had named 
M. tricuspis but having since found a recent tricusjns from Port 
Phillip, Victoria, I see tliat thej^ arc not identical. 

The recent S. Napierii has a solid shell, with large pores round 
the border ; the avicularian mucro is directed mostly forwards, that 
is towards the distal end, and below this there is a narrow bifid 
denticle. The oviccll is sometimes nearly concealed, and its presence 
is only revealed by a muoronate elevation, in other cases it is con- 
siderably raised and globose. 

The M. tric^tspis, which has also been described as M. muniia^ 
MacGillivray (l)e!>c. of New or Little-known Polyzoa, pt. 2, p. 136, 
pi. ii. fig. 10), has a very curious peristome which rises abruptly 
from the front of the zoeccium and is thick in consequence of being 
hollow, or rather having a tube on each side of the mucro. This 
has not been mentioned by Mr. Hincks. Inside the peristome there 
is no denticle, but the proximal edge of the aperture is a straight 
plate. My 8i)Ociracn is hyaline. 

Loc. Living : Port Phillip (Australia). Fossil: Waurn Ponds 
(Australia) ; Napier, Waipukurau ; Trig’s Station, Tanner’s Hun, N.Z. 

46. PoRINA GRANDIPORA, sp. IIOV. (PI. VII. fig. 23.) 

Although the state of preservation of this fossil from Napier is so 
unsatisfactory that a full description of it is impossible, yet, if again 
found, it may, I think, be recognized. The peristome is much raised, 
hiding the niouili, and there seems to have been a large avicularium 
on the summit at each side. In the centre of the zooecium there is 
a large round ])ore, and from this it would seem to belong to 
Giyantopora of Ridley. 

47. Lepralia Poissonii, Aud. (PI. VIII. fig. 37.) 

Flusira Poissonii, Aud., Savign^”^, Descr. do I’Egypte, ])1. x. fig. 5. 

Lepralia Poissonii, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. viii. p. 63, and vol. xv. p. 256. 

Lepralia setiyera, MacGillivray (non Smitt), Trans. Roy. Soc. 
Victoria, vol. xix. p. 133, pi. i. figs. 2, 3. 

Lepralia odontostoma, Rss. Bry. Qilst. Ung. Mioc. p. 16, pi. iv, 

fig. s. ^ 

Lepralia. Kirclienpaueri, var. teres, Hincks, Ann. & Mag. Nat. 
Hist. ser. 5, vol. vi. p. 77, pi. ix. figs. 7, 7«. 

This is a very common fossil from Waipukurau and corresponds in 
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size with recent specimens from New Zealand, in which the front 
surface is smooth, and the small smooth oviceU has a mucronate 
ridge down the centre. 

In recent specimens the spines do not occur in all zooecia nor in 
all specimens. The most spinous specimen that I have seen is one 
from Tahiti, in Miss Jelly’s collection. This is nearly related to 
Lepralia aclpresm, and I still adhere to my opinion that L. Kirchen- 
paueri, Heller, is only L. adpressa^ in which, as I x^einted out and 
figured in my paj^er on the Hryozoa from Naples (Ann. & Mag. 
N. H. scr. 5, vol. iii. p. 42, pi. xv. fig. 13), thf'rc are sometimes 
‘‘lateral bosses.” The best figure of L. Kirclienpaueri is given by 
Manzojii (8up]>. alia Pauna dci Hry. Medit. p. 8, tav. iii. fig. 3). 

The characters of the opercula of L. Poissonii and L. appressa 
(figs. 37, 38) enable these to be readily distinguished, although 
also showing a near rclatioiishix>. In the fovssil some cells have the 
central mucro very prominent and in others it is entirely absent. 

Loc. Living : Bass’s Straits, Tahiti and New Zealand (//.) ; Port 
Phillii) Heads { MacG.^. Fossil : Najnor and N. Harbour ; Waipu- 
kurau, “ Whakati,” and Pctaiie ; Shake8[>Gare Cliff (New Zealand) ; 
Miocene ; Itauchstallbrunngraben, near Baden. 

48. Lepralta rectilineata, Hincks. (PI. VII. fig. 16 ; PI. VIII. 
figs. 34, 35, 36.) 

Lepralia rectilineata^ Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol, xi. p. 110, pi. vii. fig. 5. 

In a specimen from Waijuikurau there is often a small ridge or 
boss at each side of the aperture, just below' which there are two 
small avicularia, usually near together. Where the aperture is con- 
tracted there is a curved denticle directed inwards, and there is a 
similar one in L. Porlinii, !Kirchcnj)aucr (MS.), from Nax)les. A 
specimen from Wanganui has large, elongate avicularia above the 
aperture, whereas there are none in the one from Waijjulvurau. 

The ovicell, which is not known in the recent form, is raised, glo- 
bular, about half as wide as a zooecium. Oral aperture 0-18 millira. 
at widest part. 

Loc. Living ; New Zealand. Fossil : Waipukurau, Wanganui, 
Napier. 

49. Lepralia imrellis. Busk. 

ITemescTiara imhelliSf Busk, Crag Polj^zoa, p. 78, pi. iv. fig. 6, 
pi. X. fig. 7. 

Eschara jr7eriz«ja,M. -Edwards, “ Obs. surlesFoss. du genre Eschare,’’ 
Ann. des Sc. Nat. ser. 2, vol. vi. p. 9, pi. x. fig. 3 ; S. Wood, Ann. 
Nat. Hist. vol. xiii. p. 16 ; Busk, Crag Polyzoa, 65, pi. x. fig. 2. 

As Lepralia pertitsa, Esper, was described before Milnc-Edw’'ards 
published the present species, the specific name must be changed ; 
and seeing that Busk found it in the Crag, in both the Eschara- and 
the Hemeschara-stage, we can take his second name. The fossil from 
near Napier is adnate, and has elongate cells with large X)uncture8 
over the surface. There are no ovicells on these fossils. Without 
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the avicularium this would be Lepralia delicatula^ Manzoni (Bry. 
fosB. Ital. oont. p. 11, pi. iii. fig. 17). 

There are also fossils from Napier, Petane, and Tommy GiiUy, 
with shorter cells and large pores arranged in a more or less 
radiating manner, and in appearance and size much the same 
as LcprcOia striatida^ llincks, which 1 think cannot he regarded 
as more than a varietj- of the present. In a specimen of recent 
L. striatida sent me by Miss Jelly there are only two or three 
zocecia with avicularia at the side of the orifice. In none of the 
fossils do I find nuy, but it is possible that some cells that are partly 
broken-down may have had such avicularia. A fossil from Waipu- 
kurau Gorge has ratlu'r sliort cells with but few i)ores irregularly 
arranged. Close allies are Lepralia reijidaris^ llss., X. circumornata, 
llss., and L. megaloLa^ llss., from the Austrian Miocene', and the 
living L, Fallasiana and L. pertum^ Esp. 

Loc, Fossil: Crag, Hudbourne ) ; C. Crag (Z?.) ; Xanclcan 

of Calabria {Segnenza), Pliocene: llametto (Sicily); Gerace, and 
Tenda del Prado (Calabria) (-4. IF. IF); Nainer (N. Z.), and the 
short variety from Na])icr, Petane, Tommy Gully, and AVaipukurau. 

50. Lepkalia pertusa, Esper. 

C(l.lej)ora pertiisa, Esper, Pflanz. Cellcp. p. 140, pi. x. fig, 2. 

Lepralia perlnita^ Busk, Jk Af. Cat. p. 80, ]>!. Ixxviii. figs. 1 & 
(non 2), pi. Ixxix. figs. 1,2; 8mitt, Floridan Bry. p. 55 ; llincks, 
Brit. Mar. Polyzoa, j). B05, pi. xliii. figs. 1, 5. 

Lepralia pcrla^c, var. rot tna lata. Waters, Ann. & Mag. Nat. Hist, 
ser. 5, vol. iii. j), 31 . 

Loc. Living: Eurox)ean seas, Florida, Australia (?) ; New Zealand 
(?). Fossil: Muddy Creek ; Waurn Ponds (Austr.) ; Napier (N.Z.). 

51. Lepralia kostrigera, 8m. (PI. A’^II. fig. 17.) 

Escharella rosirigera, 8mitt, Floridan Bryozoa, p. 57, pl. x. figs. 
203-205. 

Lepralia rostrigera, Waters, Quart. Journ. Geol. 8oc. vol. xli. 

p. 208. 

The sj^ecimen from Najiicr is larger than the recent Floridan ex- 
am] >les, or the fossil from the lliver- Murray Cliffs. It is adnate, 
and the zooecia are divided by raised lines ; the surface is punc- 
tured and granulated : the oral aperture is 0*22 millim., with an 
avicularium at each side of the ai)erture. There is a raised border 
round the aperture. 

This is allied io Lepralia ingern^, Manzoni (Castrocaro, j). 25). 

Loc. Living : Florida. Fossil : B.-Murray Clifis (Australia) ; 
Napier (N. Zeal.). 

52. Lepralia longipora, MacGillivray. 

Lepralia longipora, MacGillivray, “ Descrix)!. of New or Little- 
known Polyzoa/' pt. ii., Trans, lioy. 8oc. Viet. vol. xix. p. 135, 
pl. iii. fig. 18. 
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Uyclicopora prcdonga^ Hinoks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xiv. p. 279, pL ix. fig. 7. 

The fossil from Waipukiirau has the upper part of the zocecium 
raised, giving a tubular appearance to the perisrotne. The surface 
is granular and has more punctures than are figured by MacGillivray. 
The ovicell is narrower than a zooecium. In Mucronclla canalifera^ 
Busk, the peristome is much produced and the ovicell is smaller. 

Loc. Living : Port Phillip Heads (Victoria). Possil: Waipukurau 
and Trig’s Station. 

53. LErRALiA SEMILXJNA, Bss., var. SIMPLEX, nov. (PI. VII. fig. 19.) 
Eschara seniiluna^ Rss. “ Die Poram. Anth. und Bry. des deutschen 

Septar.” p. 182(06), pl. vi. fig. 6, Denksohr. k.-k. Akad. Wissensch. 
Wien, vol. xxv. 

A fossil from Napier is aduate. The zocecium is suhoval, only 
slightly convex, with rather large pores. Oral aperture elongate, 
straight below and with the sides straight, curved above. Walls at 
the side of the aperture thickened, forming a kind of peristome. 
Above the aperture a nearly concealed ovicell with an oval cribri- 
form depression in the middle. 

I am unable to find any suboral avicularia, as described by Keuss, 
and therefore call it var. simplex. 

The species is described from Sollingon. 

54. Lepkalta roKAMiNiOERA, Hincks. 

Lepralia foramimgera., Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xi. p. 109, pl. vii. fig. 1. 

The fossil, though there are only the two upper openings, corre- 
sponds with recent specimens ; the oral aperture, in each case, is 
about 0*15 millim. in diameter, and the operculum has a character- 
istic hinge-projection on each side, which Mr. Hincks seems to have 
overlooked. 

Loc. Possil : Waipukurau. Living: New Zealand (7/-); Napier 
(sp. sent by Jliss Jelly). 

55. Lepealia msTATA, sp. nov. (Woodcut, fig. 1.) 

Zoarium incrusting. Zooecia distinct, convex, surface perforated 
and mamillated. Oral aperture coarctato, with a small denticle at 
each side where the contraction takes place. Oviecll small, subim- 
mersed, about half the width of a zocecium, and the ovicelligerous 
cells have a very much wider oral aperture than the other zooecia 
and an extraordinarily thick lower lip. The zooecia and aperture 
are about the same size as those of L. Eallasiana. 

Loc. Waipukurau Gorge. 

56. POEELLA MAESITPIUM, MacG. 

Porella marsupium^ Waters, Quart. Joum. Geol. Soc. vol. xxxix. 
p. 437. 

Loc. Living: Victoria (ilfac6r.); Bass’s Straits (iV.). Possil: 
Waurn Ponds (Victoria); Waipukurau (New Zealand). 
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67. P 0 RE 1 .LA MABSUPITTM, var. PomEERA, Hincks. 

Porella marsupium^ MaoG., form porifera, Hincks, 'Ann. & Mag. 
Nat. Hist. ser. 5, vol. xiii. p. 24, pi. iv. lig. 4. 

Loc, Living : Queen Charlotte Island, off British Columbia (-fiT.). 
Fossil: Waipukurau and Napier (New Zealand). 

68. Porella concinna, Busk. 

Porella concinna, Waters, Quart. Journ. Geol. Soc. vol. xxxviii. 
p. 271. 

An incrusting fossil from Tommy Gull)^ Petane, has the avicu- 
lariiim much raised on a suboral prominence, and in this respect 
differs from the European types. The zooecia are divided by raised 
lines, and the surface has large pores. 

Log. Living : European seas ; Bass’s Straits. Fossil : Mount 
Gamhier ; Tommy Gully (Petane). 

Fig. 1. — Lepralia bistata, IVaters^ from WaipuJciirau^ 

Neiv Zealand, 



59. IIlPPOTHOA FLAGELLUM, MaUZ. 

Ilippothoa flagellum,, Manz. Bry. Foss. Ttal. 4a cont. p. 6, pi. i. 
fig. 5; Suj)pl. alia Fauna dei Bry. Medit. la cont. p. 3; Bri. del 
Plioc. antic, di Castrocaro, p. 5, pi. i. fig. 14 ; Hincks, Ann. & 
Mag. Nat. Hist. 1877, vol. xx. p. 218 ; Brit. Mar. Polyzoa, p. 293, 
pi. xliv. figs. 5-7 ; Busk, Chall. Rep. Polyzoa, p. 4, pi. xxxiii. fig. 7. 

Probably also Terebripora ramosa et irregularis, d’Orb. Voy. dans 
I’Amer. Merid. 

Loc. British seas and Medit. ; Singapore (^T.) ; Heard Island, 
75 fath.; New Zealand. Fossil: Pliocene of Italy and Sicily; 
N apier. 
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60. ScnizoroKELLA circinata, MacG. (PI. VIII. fig. 41.) 

Le^^ralm circinata,, MacG., Nat. Hist. Victoria, dec. iv. p. 21, 

pi. XXXV. fig. 1. 

Schizoporella circimUa, Busk, ‘ Challenger’ Rop. of Polyzoa, p. 166, 
fig. 4(» ; Hineks, Ann. & Mag. Nat. Hist. scr. 5, vol. xv. p. 25^5, 
pi. vii. fig. 1 . 

This is a common fossil from Waipukurau, and in size is just the 
same as recent specimens from Napier. The long spatiilate avicu- 
larium, directed downwards, is usually present ; the oral apertnre 
(0-07 millim. ) is about half the size of that of S. Cecilii, Aud. 
Mr. Busk describes in both of these a movable .appendage jointed to 
the oi)erculum : but neither of them is figured corrt'ctly by him, as 
in JS. Cecilii the appendage is a broad plate below the operculum, 
and docs not become narrower, as may be seen in the figure given 
in my paper “On the Use of the OporeuLa” &c. (Proc. M.'inch. lat. 
& Phil. Soc. xviii. 1878, fig. 1), and in 8, circinafa it becomes 
broader below; and this appendage soparafes very readily from the 
rest of the operculum, so that it is difficult to i)ieparc them out 
together. In both there is a small notch in the proximal edge of 
the larger piece of the operculum, into which the appendage fits ; in 

circinata it is very minute, but in S. Gccilii is much more pro- 
nounced. It does not seem that this appendage is movable, but that 
an integument is attached both to it .and to the ])roximal edge of the 
operculum. In neither have 1 been able to find the minute fasci- 
culus of muscular fibres .at the lower part of the ap])endage to which 
Mr. Busk refers, and such a structure would be very inexplicable. 

hoc. Living: Victoria (il/uc (7.) ; off Inaccessible Island, Tristan 
d’Acunha (6’AuZ/. Kvp.); Napier (iliiss ./.). Fossil: Waipukurau. 

61. 8cHTZoronKnnA aitkiculata, Hass. 

Loc. Living : European and Australian seas. Fossil, Pliocene : 
Briiccoli (Sicilj^); Reggio (Calabria); Mount Gambier and Baims- 
dale (Australia) ; Naiuer and Tommy Gull}’ (New Zealand). 

62. SeiiizopoKELLA Rinucyi, M.acG. 

Scliizoporella Ridley, Zool. (Vdl. luade by II.M.S. 

‘ Alert,’ Proc. Zool. 8oc. 1881, p. 48, pi. vi. fig. f>. 

Schizopordla Jlidlei/i,, MacGillivray, Trans. Roy. 8oc. of Victoria, 
vol. xix. p. 191, pi. i. fig. 1. 

This is a very small species, 'with the ai^ei’ture only 0*6 millim. 
wide. In the fossil the prominent suboral avicuJaria cover a large 
part of the zocncium. 

This seems to be closely allied to 8. auric (data,, but is smaller. 
Mr. Hincks (Ann. & Mag. N. Hist. ser. 5, vol. xiii. j). 25) thinks that 
this is identical with 8, i^Escharimi) simpleac, d’Orb. : but Mr. (iuclch, 
who has since examined original si)ecimen8 of 8. Ridley i, combats 
this (Ann. & Mag. N. Hist. ser. 5, vol. xiii. ]). 215). I am not quite 
convinced that this should not be united with 8, simplex, d’Orb. ; but 
as there is a doubt, it will be best to retain the other name. 
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Loc. Living : Elizabeth Island, 6 fath. (i2.) ; Victoria {MacQ,), 
Eossil : Waipukuran ; J^ainer (?). 

63. ScHlZOPORELLA MARSTJPIFEIIA, Busk. 

ScJiizoporella marsupifera. Busk, ‘ Challenger ’ Beport on the 
Polyzoa, pt. XXX. p. 165, pi. xxii. fig. 14. 

bellhop Orel? a lineoUfera, Hincks, Ann. & Mag. JSTat. Hist. ser. 5, 
vol. xvii. p. 267, pi. ix. fig 10. 

Loc: Living: Marion Island, 50-75 fath.; Station 167, off New 
Zealand, 150 fath. {B.) : Adriatic Port Jackson, Sydney 

(A, W'.). Fossil: Waij)ukurau. 

64. 8cJiizoponEi.i,A tuaperta, Mich. 

Eschara biapicrta, Mich. Icon. Zooph. j). 330, i)l. Ixxix. fig. 3 (see 
Hincks, Brit. Mar. Poly. p. 255, i)l. xl. figs. 7-0); Waters, Ann. & 
Mag. Nat. Hist. scr. 5, vol. iii. p. 37, pi. xi. figs. 1 & 2. 

Loc. Living : European seas, Florida, Madeira, Tartary, Columbia, 
New Zealand (H. W~. W. coll.), Bass’s Straits. Fossil : l)oue (Mio- 
cene) ; Crag ; Pliocene of Italy and Sicily ; Waipukuran. 

65. ScHIZOPORELLA CRIBRTLIPERA, Hincks. 

Schizoporella crihrilifera, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. XV. p. 250, pi. viii. fig. 5. 

The fossil from the Petane marls is adnate, with the cells irre- 
gular, as in Cellcpora, and the aperture deep down, of the same size 
and shape as in the recent species, but apparently without avicularia. 
Loc. Living : New Zealand. Fossil : Petane marls. 

66. Schizoporella clavula, Manz. 

Lepralia clavula, Mauzoiii, Bry. Foss. Ital. coiit. 3t/, p. S, pi. ii. 

fig. y. 

In the fossil from Waipukuran tbere are six spines ‘above the 
ai)erture, and the ovicell is small, erect, somewhat elongate. At one 
or both sides of the aperture there is a narrow avicularium directed 
distally, following the border of the aperture, and usually curved. 
The surface has probably been papillated, but that cannot be made 
out with certainty. 

Loc. Fossil: Turin (Miocene) ; Waipukurau. 

67. Schizoporella conservata. Waters. (PI. YIl. fig. 21.) 
EvJdzoporella conserm to, Waters, Quart. Journ. Geol. Soc. vol.xxxvii. 

p. 340, pi. xviii. fig. 81, and Q. J. G. S. vol. xxxviii. p. 273, jd. vii. 
fig. 7 ; Hincks, Ann. tfc Mag. Nat. Hist. ser. 5, vol. x. p. 96, pL vii. 
fig. 2, and vol. xiv. p. 281. 

Sdii:^oporeUa insujnis, MacGillivray (non Hincks), Trans. Boy. Soc. 
Viet. vol. xix. !>. 132, ])1. ii. fig. 11. 

I could not for some time decide whether the fossils from Curdies 
Creek and Mount Gambier, the recent forms from near Melbourne, 
and the fossil from Napier should be united under the same species, 
Q. J.a.S. No. 169. F 
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seeing that while certain important characters show that they are 
closely allied, in other points there are diiferenccs -^v'hich may be 
varietal. The oral aperture of the New-Zealand fossil has a 
narrow sinus and is 0*2 millim. wide, which is larger than in 
the Australian fossils, but not so large as in the recent examples, 
in which it is 0*32 millim. wide and has a much larger and rounder 
sinus. 

In both the recent specimens and the N"ew-Zenland fossil the 
ovicell is more concealed than in the fossil first described, and in 
both there is a row of pores round the flat central part inside the 
ridge. In fact, in one specimen from Napier the ovicell is quite on 
a level with the zooecium, and only the ridge and row of pores is 
visible. These pores are not menlioned by Mr. Hincks in his 
description, but occur in a recent specimen from Port Western. In 
the Napier fossil the avicularia are smaller and more raised than 
in the others, and there is usuall}" onty one avicularium to a zooecium ; 
the centre of the zooecium is plain with large pores round it, whereas 
in the recent examples there is no plain portion, but- tlicrc is in one 
a ridge uj) the centre as first described. The ovicell of the New- 
Zealand fossil is so much concealed that I am not sure wliethcr there 
have been ladiating lines on its walls. 

The affinities and difl'erojices of these three varieties, sei)arated as 
they are in time and locality, are very interesting. 

Loc. Living: Port Pliillip, Port Ifiiillij) Heads, and Port. Western 
(Adelaide). Possil : Cfindies C/reek (S.W. Australia), Mount Gambier 
(.8. Australia), and Naifier (New Zealand). 

68. ScuTzopoRELLA ojiLiQtTA, (?) MacG. (Woodcut, fig. 2.) 

Eschara ohlicpia^ MacGillivray, Austr. Polyz., Trans. Poy. Soc. Yict. 
vol. ix. p. 137 (1868) .; Zool. Yict. decade v. p. 36, jd. xlviii. fig. 1. 

An adnate speeiincn, from Waipukurau Gorge, Las zoo'cia sur- 

Pig. 2. — 8chiz()porelIa obliqua (?), MdCfG.^ from 
yVaipuVuraii ^ New Zr((Ui}uL 



rounded by raised smooth lines, and also frequently a raised line 
across, or partly across, the zoct^cium below the ajicrture, and there 
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is sometimes at the side of the sinus a small suhoral avicularium, 
so that the fossil differs in these two particulars from the typical 
iS. obliqua. The sinus is very distinct, and the aperture almost 
meets above it. 

69. SceizopoRELLA cnsrcTiPORA, Hincks, var. personata, nov. (PI. 
VIII. fig. 28.) 

Zoarium adnate. Zooecia ovate, not much raised, divided by 
slightly raised lines ; surface reticulate, with large pores. Oral 
aperture rounded above, longer than broad, with a distinct sinus on 
the proximal edge ; on each side, below the aperture, ou the border 
of the zooecia, an elongate protuberance ; between these, below the 
aperture, a small rounded avicularium. This differs from the recent 
forms in having the two lateral bosses. Since describing and figuring 
the first specimens, I have had another from Waipukurau Gorge, with 
ovicells, submitted to me. The two lateral bosses, in fully developed 
ovicelligerous cells, meet in front and form a bridge, as in Smittia 
jacohensls^ S. Laiidsborovli, var. personata, Microporellci 2 )olystoineUa, 
and jScJiizoporeUd. j)oh/}/i(}j’pha,ll. In the Waipukurau fossils there 
are no avieularia. Miss Jelly lias a 8])ecimen of this variety, recent, 
from JVew Zealand, growing in a cylindrical shape. 

Loc. Living; Kew Zealand. Possil ; Petane marls and Waipu- 
kurau. 

70. ScmZOPORELLA TT7PEROSA, PsS., VaP. AXGUSTATA, BOV. (PI. VIII. 
fig. 20.) 

Type : Eschava tuherosa, llss. Die Poram. Anth. und Ery. dcs 
d. Septarieiii hones, Denksehr. Ak. Wissensch. AVieii, vol. xxv. p. 188, 
jjL vi. figs. 9, 10, pi. viii. fig. 1. 

SchizoporelJa hitarrita^ Hincks, Ann. & Mag. jSlat. Hist. scr. 5, 
vol. xiv. p. 280, pi. ix. fig. 8. 

This occurs fossil from Waipukurau, with a tubular zoarium, in 
the Ilemcscliara- stage. Zocecia indistinct, with few large pores. 
Oral aperture clithridiate, with a large broad triangular avicularium 
above the aperture on each side directed towards the ajierture. Oral 
aperture 0*17 millim. wide, 0-21 niillim. long. 

In mode of growth and general characters this resembles a recent 
Echlzoporella taberosa from the 8cmai>horc, Adelaide, with a large 
triangular avicularium, which is often much raised, above the aper- 
ture on each side, and with a large broad raised ovicell ; but in this 
the aperture is much larger and the sinus is broadly emarginate 
(see fig. 29). 

In the fossil we are reminded of Lunulites incisa^ H. (conica^ 
MacG.), and Schizoporella hiaperta. The typical L. tuberosa also 
occurs receut iu Botany Bay, N.S.W., in the Lepralia-stage. Mr. 
Hincks describes it from Port Phillip Heads in a bilaminate stage. 

I have not seen any from Australia or New Zealand with the 
avieularia inarching, i. e. in the stage, as in Busk's 

GephyropJiora polymorpha. 
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71. SCHTZOPORELLA HY ALINA, L. (PI. VTII. figS. 42, 43.) 

For synonyms, see Hincks, Brit. Mar. Polyzoa, p. 271, and add ; — 
Escliara annularis, Moll, Seerinde, p. 39, fig. 4. 

1 cannot agree with Mr. Busk in uniting this with Chorizopora, 
which has the proximal edge of the operculum straight, whereas in 
the ordinary zooecia of /S". hyalina there is a wide sinus, and it is 
only in the fertile cells that, the proximal edge is ncaily straight 
(see figs. 42, 43). Mr. Busk identified what we now know as 
Chorizopora Brominiarlil, Aud., with Savigny’s figure of Flastra 
BronyniartH ; .‘ind as this has been generally accepted it would not 
be advisable now to change the name, though I quite agree with 
Mr. Busk in doubting wBether Savigny’s figure was meant to 
represent the species. 

Loc. Living : Cosmopolitan. Fossil : English Crag ; Waipukurau 
and Tommy Gully, Trig’s Station (New Zealand). 

72. Cellepora ALBiRosTins, Sm. 

Gdlepora albirostris, Waters, (4uart. Journ. Geol. Soc. vol. xli. 
p. 304. 

A specimen from Shakespeare Cliff has a free globular form, 
about 0 millim. in diameter; two specimens from Napier are adnato 
on shell, while another is a large solid branching form. In none is 
the x>i‘<'"servation very satisfactory, and no spines are scon, so that 
perhaps they should be ca.lled var. hastiy^ra, B. The ])roximal edge 
of the oral aperture is more curved than in my recent specimens, 
and in this resj^ect more resembles var. liastiyera. 

Loc. Living: Florida, 25-35 fath. ; Sydney Shark Island, 

S fath. {A. W.); Heard Island, 75 fath. (B.); Adelaide {A. W.). 
Fossil; Kiver Murray (Australia), Napier and Wanganui (Now 
Zealand). 

73. Cellepora triuenticulata. Busk. 

Cellepora trideniiculaia . Busk, Journ. Linn. Hoc. vol. xv. p. 347 ; 
‘Challenger’ Rep. on Polyzoa, p. 198, pi. xxix. fig. 2), pi. xxxv. 
fig. 17 ; Waters, Quart. Journ. Gcol. Hoc. vol. xli. p. 300. 

The fossil from Waipukurau is adnate, and shows the attachment 
of the two SI dues very clearly. 

Lor. Living: Cape York; Adelaide. Fossil: Aldingft : Rivor- 
Murray Cliffs; Yorke’s Peninsula (Australia) ; Waijnikurau (New 
Zealand). 

74. Cellepora coronopus, H. Wood. 

For synonyms, sec Waters, Quart, .lourn. Geol. Hoc. vol. xli. p. 302. 
A si)ecimon from Najiier occurs in a thick solid branching form. 
The minute characters are made out with difficulty. 

75. Cellepora costata, MacG, 

Cellepora costata, MacGillivray, Trans. K. Hoc. Yict. vol. ix. 1869, 
p. 136; Waters, Quart. Journ. Geol. Soc. vol. xli. p. 303. 

Cellepora ylohularis, Bronn, Leth. Geogn. ii. p. 877, pi. xxxv. 
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fig. 15, a, h ; K-euss, Eoss. Polyp, des W. Tertiarbeckens, p. 76 
pi. ix. figs. 11-15 ; Reuss, Eoss. Eauna Sfc. von Wieliozka, p. 94 ; 
Manzoni, Bri. foss. del Mioc. d’Aust. ed IJngh. p. 51, pi, i. fig. 2. 

Cellepora retusa, Manzoni, Bri. del plioe. ant. di Castrocaro, p. 35, 
pi. V. fig. 59. 

GeUepora retusa^ Manz., var. caminata^ Waters, Ann. & Mag. Nat. 
Hist. ser. 5, vol. iii. p. 194, pi. xiii. fig. 1. 

GeUepora rota^ MacGillivray, New or Little-known Polyzoa, pt. viii. 
p. 11, pi. iii. fig. 6. 

There are two adnate convex zoaria, fossil, from Napier, about 
12 millim. in diameter. In most zooecia the aperture is unarmed, 
though in a good many there is an avicularium at one side, and 
these cells exactly corresx)ond with M anzoni ’s figure of GeUepora 
(jlohularis (I Bri. Mioc. Aust. Xing. p. 51, xd. i. fig. 2); there are, 
however, a few zooecia with an oral avicularium at each side. 

In some specimens of what I may call the ty^jical ikVrpora (flohu^ 
laris^ which I collected from the Miocene of Nussdorf, near Vienna, 
there are nearly alwaj’^s two lateral oral avicularia, but a few 
zooecia have only one, thus again corresponding with Manzoni’s 
figure. When these Nussdorf specimens have the two avicularia, 
the appearance is just the same as in some cells of retusa^ 
var. camiuata, W., which> however, more frequently has three 
avicmlaria. We are thus able to trace tho unbroken connexion 
between tho New ZealaTid fossils, in which tho a]>orturo is nearly 
always unarmed, and the recent Naples form, in which there are 
usually three very x)rominont- oral avicularia. In all cases tho oral 
aperture is deej) down in tho i)ori8tome. 

1 have a recent si)eoimou from Port Phillip Heads with long 
branches, seldom with oral avicularia, but when they occur the 
mandibles are semicircular. I had not at all recognized the simi- 
larity until I x)rcx)arcd out the opercula, which are characteristic and 
correspond with the Naj)le8 si>ecimen8. The apertures are larger 
than those of the fossils, which measure about 0*08 millim. In this 
Port-Pliillii>-Heads sxiecies there are large spatulate avicularia. 

The connexion was thus index>endently traced up in tho fossils by 
means of the oral avicularia, and in the recent forms by tho oj^ercula 
and other chitinous organs. 

1 have been in doubt as to whether this should be called G. costata 
or iflohidaris ; but as it is by means of direct comi.>arison of tyj)ical 
sijecimcna ratlier than by the descriptions that I have worked up 
the synonymy, the name costata is retained. 

Loc. Living : Wilson Promontory and QueenscliflP, Victoria 
{MacG.) ; Port Phillip Heads {MacG. ^ A. W. W.) ; Ulenelg, S. 
Australia (A. TV. TV.); Naples ( tV.). Fossil: Nussdorf (H. TV. TV.) 
and numerous other Miocene localities of Austria and Hungarj^ 
(lieuss 4' Manx.) ; Pliocene of Italy { Manx, Sf l^-) ' Adelaide, Aus- 
tralia ; Napier, New Zealand. 

76. Cei/LEPOKA decepta, sp. nov. (PI. VIII. fig. 33.) 

There are two unsatisfactorily preserved s})ecimens from Napier. 
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lower edge of the aperture is straight, the upper rounded (0*1 
miliim, wide). There is an avicularium below the oral aperture, 
and the ariculaiian chamber is much raised, so that the appearance 
of these is sometimes almost like ovicells. The ovicells are usually 
much concealed. Ticarious avicularia elongate, spatulate, scattered 
all over the colony. This is related to C. pertiisa and O. fossa, 

Ceixepoba. 

There is a cylindrical OeUepora from Napier with zooecia irregu- 
larly placed ; the oral aperture subrotundate with a wide sinus. 
There are numerous avicularia scattered about, some are very large, 
being the length of three or four zooecia ; the mandibular space is 
acute. It is distinguished from C. yarraensls^ Waters, by the shape 
of the aperture. 

77. Rhynchopora longirostris, Hincks. (PL YII. fig. 22.) 

RhyncTiopora longirostris^ Hincks, Ann. & Mag. Nat. Hist. scr. 5, 
vol. viii. p. 66, pi. iv. figs. 7, 8. 

Fossil, from Napier, adnate. Zooecia elongate, rising towards the 
mouth with a very long raised avicularian rostrum. On some zooecia 
there is a very narrow avicularium attached to the rostrum, with 
the mandible directed towards the proximal part of the zooecium. 
The oral aperture is suborbicular, with a wide round sinus. 

Jihynchopora hispinosa is a most variable species, and when it has 
been properly worked up will probably have the longest list of 
synonyms of any Bryozoon, and my first imj^ression was that the 
fossil belonged to that species. Being unable, however, to find any 
denticles, and all the cells being equal in size without the peristome 
rising on either side, I referred the fossil to tSchizoporeVa ; but 
receiving a recent specimen from Port Phillip, Australia, in which 
the long rostrum was well dcvcloj)cd, with a lanceolate avicularium 
to almost every cell, and a slight elevation of the peristome on each 
s/de, the species was again brought back to Rhynchopora. In the 
recent form I am able to see in one or two zooecia a small denticle, 
but cannot find one in most. This seems ! o he allied to Celhpora 
lonrfirostris, Maefx., and Schizoporella (ryptostoma, MaoG. 

Loc, Living : Curtis Island {H .') ; Port Phillip ( TF.). Fossil : 
Napier. 

78. Lunxilites petaloibes, d'Orh. 

Lunulites peialoides^ d’Orb., Waters, Quart. Journ. Geol. Soc. vol. 
xxxix. p. 442, pi. xii. fig. 11 a, 6, c. 

There are several specimens from Shakespeare Cliff, Wanganui, 
and in these the number of vibracula is very variable ; they are often 
placed regularly for two or three rows, and in the rest of the colony 
scattered irregularly. The aperture is 0*4 millim. wide. 

I do not see any reason for changing the generic name which has 
now been used for so long and is so generally recognized, nor is 
any advantage apparent in the alteration to Lunaria proi)osed by 
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Mr. Busk, and no one, however eminent, has authority to alter a 
well-established name. The genus, however, can only be looked upon 
as provisional, since it is almost entirely based on the mode of growth. 
This I have already shown to be unsatisfactory, and within the last 
few weeks have received from New South Wales a recent specimen 
of Flahellopora elegans^ d’Orb., which is either Lunulites cancellatus. 
Busk, or very closely allied to it. This grows in an irregular sub- 
crescentic form with two layers of zooecia separated by a cellular 
structure formed of avicularian cells. 

Loc. I'ossil : European Cretaceous, Miocene and Pliocene ; Mt. 
Gambier, Muddy Creek, Bird Rock (Australia) ; Napier and Wanganui 
(New Zealand). 

Besides the species discussed, there are some specimens of Ketepora 
from near Napier, and a Caherea from Waipukurau which may be 
the C. crassiynarginata of Busk. 

EXPLANATION OF PLATES VI.-VIII. 

Plate VI. 

Fig. 1. Membrani'pora hacroixii, Aud., var. grandi'i. From Napier. 

2. annulus, iVl.anz, 

3. mono,st(icht/s. Napier. 

4. Danterilii, Aiid. From Waipukurau. 

5. atm ulus, Maiiz. P'roui the same sjiecirnen as fig. 2. 

0. 'monostachgs, PVoiu I hesauie speciineu asfig. 3. From Napier. 

7. nohilis, PVom J^otane. 

8. Monoporella disjaneJa, Manz, From Napier. 

9. Membranipora annulus, Mauz. 

10. nohUis, Ilss., with cells like avails. P’roin Napier. 

11. Monoporella wuipu/curensis, sp. nov. PVoiii Waipukiirau. 

12. M‘-nibranipora occuliala, sp. nov., fossil. From Napier. 

13. , recent. 

[14. Cancelled.] 

Plate VII. 

Fig. 15. Monoporella crassatina. Waters. Whakati. 

IG. Lepralia rectilineata, llincks. P'rotii Waipukurau. 

17. Tosfrigera, Sin. LVoui Napier. 

18. Mcmbraniporclla nitida, J. From Waipukurau. 

19. Lepralia senviluna, var. simplex, nov. Prom Napier. 

20. Mucronella jirmafa, sj>. nov. From Waipukurau. 

21. Bchizoporella conservuta. Waters. Napier. 

22. Tihj/nchnpora longiros/.ris, llincks. From Napier. 

23. Pnrina grandipiU'a, sp. nov. From Napier. 

24. Mucronella alvarcziana, 13., X 25. From Waipukurau 

25. . X 8.5. Ditto. 

Plate VIII. 

Fig. 20. Schizoporella tuberosa, Rsa., var. angustata. From Napier. 

27. Micropora vaTiperforafa, sp. nov. 

28. Schizoporella emetipiora, 11., var. personata. From Petano. 

29. tidier osa, Rss., recent. From Napier. 

30. Mucronella tricuspis, Hincks, var. waipukurensis ; front of cells 

broken down. 

31. Mucronella porosa,'H.., \a,r. minima. From Petane. 

32. Membranipora spinosa, Q. & G-. From Napier. 

33. Cellcpora decepta, sp. nov. From Napier, 
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Pig. 34. Operculum of Lepralia rectilviieata, x 85. 

35. Mandible of Lepralia rectilvmata^ X 260. 

36. , X 85. 

37. Operculum of Lepralia Poisfioniif Aud., X 170. 

38. adpreasa, B., X 170. 

39. M<ynoporeUa capensis, var. dentata. From Napier. 

40. Operculum of Meml^anipora occultata^ sp. nov., X 250. 

41. Operciilum of Schi:roporeUa circitiaia, MacQ-., X 170. 
42 & 43. Opercula of SchizoporeUa hyaXina, L., X 170. 
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7. (hi the Drifts of the Vale of Clwyd and their Relation to the 
Caves amt Cave-deposits. By T. IVDKenny Hugues, M.A., 
F.U.S., Woodwardian Professor of Geology, Cambridge. (Read 
November 17, 188G.) 

IX.] 

Part I. 

Introduction. 

The questions here involved are many and various, and their consider- 
ation carries us jfirom one place to another over a very wide area. 

We cannot safely draw inferences as to the age and origin of any 
drifts on the borders of a mountain-land without, on the one hand, 
tracing it up to the source from which it was transported, to see 
whether wo can explain the distribution of the various kinds of 
material of which it is composed, and, on the other hand, following 
it as far as possible down over the lowlands, to see whether any 
succession of deposits or organic remains or evidence as to its former 
extent can be made to throw light on the conditions of the age in 
which it was distributed. 

And, seeing that most caves have been formed and filled during 
the age of accumulation of the A'arious superficial deposits which 
we include under the name “drift,’" we cannot safely si)eculate 
upon the age or origin of the one set of phenomena without con- 
sideiing all the evidence to be derived from the other also. 

Only in the hilly districts can wo find caves at all, and, generally, 
the more important occur along the outskirts of the high lands, 
where drifts of various character are apt to be found. The rela- 
tion of the local drifts to the caves may be of great interest if the 
exact xfiaco and age of those drifts have first been clearly made out. 

We must first therefore inquire whether it is possible to estab- 
lish a local succession in the drifts ; whether the classification 
so suggested fits in with the conclusions arrived at in adjoining 
districts ; whether we can arrive at any connected history of the 
sequence of events connected with the caves consistent with all the 
information so gathered. 

8ucli are the questions I invuto the Society to discuss with 
reference to a part of North Wales, and I projiose to bring forward 
the evidence I have collected on the subject in the following 
maimer : — 

A. The Drifts of the Vale of Chvyd. 

1. The Aronig Drift. 

2. The 8t. Asaph Drift. 

3. The Surface-drift. 

R. The Caves of the Vale of Clwyd. 

1 . The Caves. 

2. The Cave-deposits. 
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Part II. 

The Arenirf Drift. 

Any one standing on Arenig or Llyfnant and looking round over 
the wide expanse of unenclosed moorland, would see at a glance that 
there, to the west, was a basin in which, under somewhat different 
conditions, snow might collect to any depth and, compacted into ice, 
crush its way out towards Bala between the two Arenigs and over 
the col between Llyfnant and Arenig Mawr, towards the head of 
Bala lake. There, to the north, was an area on which neves would 
be formed of the snow that was blown from the crags of Snowdon 
or Moel Siabod, or man}'^ another glorious peak. There is the 
western sea stretching awa}^ be 3 ond the mountains of Harlech, and 
feeding with moisture the jwevalent south-west wind, which keeps 
the hill-sides for ever damp, and at Blaenau Ffestiniog, as I was 
informed by Mr. J. H. Williams, throws down ju^arH 1*13 inches of 
rain. The dark southern end of the valley west of Arenig still 
holds the winter’s snow in its deep shadow far through the summer, 
and has in consequence the name of Twll-j^r-eira, “the hole of 
the snow.’^ The long esgair-like ridges running down from it are 
probably due to the torrents diverted b^^ the snow. 

Push the mountains up till the moisture that fell should all fall 
as snow', and the summer’s sun should ejuite fail to undo the winter’s 
frost, then fhe neve must form there, and glacicr-ico must flow 
from the Arenigs and Siabod, from Snowdon and tlie Carneddau. 

But we are not left to mere speculation on this point. Over 
the col and along the east slopes of LljTnant the glacial striie are 
still seen running south. They score the rock in long oast, and 
west furrow^s on the rounded shoulders of Arenig Maw'r above 
Milltirgerig. 

Here and there, in some deep hollow, the remains of the old drift 
is still seen, and a few scratched stones are found in the fine putty- 
like felspathic mud wujrn as the flour of rock in and under the ice 
from the volcanic ashes that there abound. An exaTri])le of this 
drift is seen in the hollow scooped out in the soft (Jraptolite-bearing 
shale cast of Maengrugog. 

Also we see whence the boulders came that lie scattered over 
all the region to the east. Under every precipice of ash and various 
porphyrific rock there is a talus formed of ojiormous blocks fallen 
from the cliffs above. These are mostly well-marked rocks which 
do not occur again in place among the formations further oast. 

So we can trace this drift by its boulders and fine felspathic mud 
and small variety of rock ux> to the valleys of the Dee and Clwyd 
and far beyond. 

As we travel east the fragments from the rocks of Arenig and its 
surrounding district become, of course, less conspicuous compared 
with the material that the ice has gathered on its way ; but all 
the material has been transported from the west — all from the 
rocks of Wales — and the striations on the solid rock agree with 
this. We have already noticed how the grooves ran round the 
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shoulders of Arenig and pointed to the east. Down into the 
valley of the Dee between Corwen and Bala ; up the steep slope 
of the Berwyns, as shown by the east and west striae south of Nant- 
caweddau ; hill after hill bears traces of the passage of the ice in 
that direction. There must have been some barrier on the north, 
perhajjs the foot of a great ice-sheet from Scotland and the Lakes, 
so that the Welsh ice crushed its way eastward over hill and dale, 
ignoring all the highest ranges in its course, down into the Vale of 
Clwyd, scoring the limestone rocks at Cefn, as seen in the road- 
cutting behind the stable-yard ; then up over the high hills form- 
ing the northern end of the Clvvj’diaii itange, as seen on the top of 
the hill S.E. of Cwm ; across the IIoj)e Mountain and Minora; all 
the striations running roughly east. No icebergs coming from the 
west can have grounded behind Cefn. All the evidence points to 
land-ice as the agent to which we must refer these strim on the 
solid rock. 

Along the Clwydian llange huge blocks of the volcanic rocks of 
Arcnig are common. A group is seen by the cottages above the 
Grove near Bodfari. One enormous boulder lies at the junction of 
the highest mountain-fences N. W. of Moel Eammau. 

The more northern portion of the drift, derived from the Snowdon 
rather than the Arenig area, might perhaps bo distinguished. There 
seems to be a difference between the older drift near tlie north coast 
and that a little further south ; but all comes from the west. 

The western drift, I think, is seen in the deep sections which the 
Elwy has cut into the hill-sides above Dolbcn, and especially at the 
bend in the river near i)ol, where landslii)s have, however, some- 
what complicated the section, bringing down some newer drifts 
which lay upon it higher up the slope. 

One section gave the following succession : — 

Fig. 1. — Diagram-Section seen at hend of River Elvjy^ near Dol. 



b Sn? Masses slipped from above. 

c. Reddish boulder-clay, resting, with a very irregular line of junefion, on d, 
(Northern or St. Asaph drift.) 

d. Blue-grey boulder-clay. (Western Drift.) 

The newer drifts rest with a very irregular lipe of junction on an 
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old blue-grey clay with boulders, all from the Welsh rocks to the 
west. 

In the Yale of Clwyd the denudation which out down through 
the soft or easily undermined strata of the St. Asaph (or northern) 
Drift seems to have been often arrested when it reached the stiff 
tough older clay which we have called the Areni^ (or Western) 
Drift. 

At the bottom of the cliff beyond Brynelwy, near St. Asaph, where 
the river had removed the debris from the landslips, a dark blue 
clay, with boulders of Welsh rocks only, used sometimes to be 
exposed ; and below the Mount, nearer St. Asaph, the section by the 
river often shows a similar dark blue boulder- clay overlain irregu- 
larly by the Marine Sandy Drift (see Section, fig. p. <S1). The 
top of this blue boulder-clay is remanie, as in the Colwyn Sections, 
only that in the Elvy the remanie surface of the old drift is a 
boulder-ebi}’, while at (/olwyn,in the section next to bo described, it 
is a sandy clay. 

Along the coast in (lolwyn Bay a similar dark blue clay full of 
scratched stones, all of which are from Welsh rocks, is exposed 
here and there. For instance, at the base of the cliff about 200 
yards N.W. of the Bath House at Aborrhyd, where the following 
section (fig, 2) may be seen : — 


Fig. 2 . — Section f^een in Sea-cliffy ahont 200 tfards N. IF. of BatJi 
UouHCy Aherrhydy Colwyn Bay. (Scale 80 feet to 1 inch). 



d r 


n. Chocolate-red clay, with bouldtsrs; aoine scratches. 
h. Sand. 

c. Yellow laininatod sandy clay. 

d. Blue clay, with many scratched stones, 

d represents the older clay left b}^ the ice from the great snowy 
region to the w'est, which crept downwards from the central 
gathering-ground, aiid i)robably at one time levelled up much of the 
low-ridged country on the borders of the mountain land. In this 
no trace of organism has ever been found, excejjt, of course, the 
fossils in the fragments transported from the older rocks. 

Changing somewhat locally according to the source from which 
it is derived, it still has much in common wherever it occurs ; but its 
chief character is this, that in the district under examination it 
contains only material from Welsh mountains in the west. 

This, then, is the oldest drift I know of in the Yale of Clwyd. 
CaU it for local purposes the Arenig Drift, the Western Drift, the 
Hnowdon Drift, the Great Ice Drift, the Older Drift. 

I deprecate the use of the name “ Boulder-clay ” as a technical 
term for any subdivision of the series. As a descriptive term for any 
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clay with boulders in it, it is required for current language. So the 
word drift is required for common use in the sense of transported 
superficial deposits not being volcanic ojectamonta, or rock dcoom- 
posed in place, or otherwise included by more strict definition. 

What seems certain is that, starting in the Arenig district, wo 
find an ancient boulder-clay which contains no fragments from any 
other district, and no trace of marine action, but follows the tracks 
of the land-ice away to the cast. ^\Tiether we are right in referring 
to the same age and origin certain isolated i)atclies of boulder-clay 
which occur at the base of all the marine drifts of the imrth-east of 
Wales and its bor^lers, is another question ; Imtit seems to me that 
there is a strong d reason for expecting that such i)atches 

should he left here and there, and much evidence that tln^y have 
been detected in some cases. Besides the sections doscrihed abovc^ 
in which there seems reason to suspect its existence, 1 may apj>cal 
to the puhlicatioiis of many other observers for the occurrence of 
an older, i)robabl 3 '^ land-ice drift, underl} ing the marine drifts of the 
same or adjoining districts. See : — 

hlYTOx. Geol. Mag. voL v. p. 349. 

Hall. Geol. Mag. vol. vii. x>. 509. 

MACKiXTOsn. Geol. Mag. vol. ix. j). 15: Quart. Journ. Geol. Soc. 
vol. xxix. (ISTJi) f). B55, footnote; vol. xxxiii. (1877) p. 758. 

Mellard Keaue. Quart. Journ. Geol. Soc. vol. xxx. x>» ^7 ; 
vol. xxxix. X). S5 ; vol. xli. p, 102. 

De Kaxce. Troo. Geol. Assoc, vol. iv. p. 221 . 

Strauan. Mem. Geol. Survey, “Geology of the coasts adjoining 
Ilh}'!, Abergele, and Golwyn; ” (iuart. Journ. Geol, Soc. 
vol. xlii. ( 1 886), xq>. 56, 57. 

This drift cannot be traced continuously to the oast or north 
into the drifts of which the succession, local or general, has been 
made out. We follow it to the margin of the Cheshire ]>lains ; but 
where it ended is not so clear. It is everywhere covered by newer 
dex^osiis over the low ground around the mountain -groux) from 
which it came. Mr. ]VI ackin tosh has traced what he considers to he 
the “ junction of the Arenig felstonc and Eskdule granite dis- 
persions ’’ along the hills north of Llangollen (Quart. Journ. Geol. 
Soc. vol. XXXV, 1879, x>* 425; vol. xxxvii. 1881, x>. 561); and 
Mr. Scarles Wood, chiefly from the evidence collected by Mr. Mackin- 
tosh, believed that the Arenig ice terminated somewhere along that 
line {ibid, footnote). But whether left by the Arenig ice at an 
earlier stage of further eastvrard extension, or derived from its 
terminal bouldcr-clays during the j)eriod of submergence, there is 
no doubt that the Arenig rocks occur in the drifts far over central 
England. 

It is difficult to correlat e land- ice drift wdth marine. Alorcover the 
oldest drifts of East Anglia show such a x>rei)onderance of northern 
material that we must supxjosc that, although wo may find there 
drift of approximately the same age, it belongs to a difierent ice- 
stream. How the various x^aHs of such a sheet turn round the hills, 
cross, overlap, and, in the greater strength of one or other mass. 
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predominate, may be seen in tbe beautifully clear view of the 
Greenland ice given in the Report of tbe Danish Commission 
(Meddelelser om Grbnland, Heft 1 : Copenhagen, 1879). 

What is a well-established generalization from the examination 
of the drifts of Eastern England, and bears upon the question now 
before us, is that there are along the eastern coasts two quite distinct 
stages — an earlier stage, in which there is more evidence of the 
direct action of ice, though the deposits are marine like those of 
later date, and these older drifts contain an Arctic fauna ; and a 
later stage, also marine, resembling the boulder-clay from which it 
is chiefly derived, but containing few northern forms of life and no 
evidence of glacial conditions prevailing near. 

See also : — 

Se/vrles Wood. Quart. Journ. Geol. Soc. vol. xxxvi. 1880, p. 516 ; 
vol. xxxviii. 1882, jj. 707. 

Geixie, J. ‘ Tlie Great Ice Age,’ 1877, pp. 366— 381 ; ‘ Prehistoric 
Europe,' 1881, p. 264. 

Searles Wool). Geol. Mag. dec. 2, vol. v. p. 15. 

A type of the older drift with Arctic shells, perhaps the marine 
equivalent of the A renig drift, may, I think, be seen at Dimlington 
and Bridlington (see references below, i)p. 91, 92). 

Other examples might be quoted, for instance the Arctic shells 
found by Brown in the drift at Elie, in Eife, and Err»)l, in Perth, 
which, according to Otto Torcll, Avere the same as those now living 
in front of the Groat Glacier at Spilzbergen. (Brown, liev. Thus., 
Trans. II. 8oc, Edinb. vol. xxiv. p. 627.) 

In such investigations we arc continually met by the great difli- 
cult}’ of determining whether a drift is not re-made in some way or 
another, and whether scratched stones and shells may not have been 
derived from older deposits. (See also, Kinahan, G('o]. Mag. dec. 2, 
vol. i. “ Glacialoid or Bc-arranged Drift;” ^Mollurd Keade, Proc, 
Liverpool Geol. Soc. 1873-74, j). 50, “ Tidal Action as a Geological 
Cause.”) 

Some have suggested that the shell-hearing drifts of North Wales 
rej)resent portions of the sea-bottom thrust forw ard by the ice-foot 
and pushed up the flauks of the mountains till, on the melting of 
the ice, thej^ settled down w'here thej^ now lie. llicro seems to he 
no doubt that such transport of frozen masses ui)hill and the coining 
to the surface of matter in glacier-ice does occur. It is analogous 
to the travelling of boulders across valleys and uphill in glacier-ice, 
as suggested years ago by Mr. Goodchild in exidanation of some of 
the phenomena of the Lake-district (Geol. Mag. dec. 2, vol. ii. 1874 ; 
Quart. Lourn. Geol. Soc. vol. xxxi. 1875, p. 55), and more generally 
by Prof. James Geikie (Trans. Geol. 8oc. Glasgow, vol. iv. 1874, 
p. 235, in the ‘ Scottish Naturalist,' and in his paper “ On the Inter- 
crossing of Erratics ''). Professor Carvill Lewis refers the shell- 
bearing deposits of North Wales to the terminal moraine of a mass 
of land-ice, which carried granite from Scotland and shells and flint 
from tbe bed of the Irish Sea (Brit. Assoc. 1886 ; Geol. Mag. dec. 3, 
vol. iv. 1887, p. 29). 1 think, perhaps, he would make an exception 
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in the case of the lower-level sands such as those of the Yale of Clwyd ; 
but this distinction would be difficult to maintain, and the manner 
of occurrence of the North-Wales Marine drift along well-defined 
terraces and with current-bedding and horizontal stratification 
bearing a definite relation to the physical geography of each district 
renders this explanation improbable in that case. Besides, the 
character of the shells is not consistent with the idea of such extreme 
glacial conditions. The Moel Tryfan deposit, as pointed out by 
Gwyn Jeffreys (Quart. Journ. Geol. Soc. vol. xxxvi. 1880, p. 355), 
is not strictly glacial ; the fauna has a Norwegian rather than an 
Arctic facies. 

So, again, in the case of the marine drifts of the plains of Cheshire 
and Lancashire, Shone draws attention to the mixture of forms 
(Quart. Journ. Geol. Soc. vol. xxxiv. 1878), and suggests in expla- 
nation that the Scandinavian shells in the sands and gravels were 
derived from an older Boulder-clay (p. 389). Even in the case of 
the clay-drift, which he thinks was droj)ped in quiet deep water, he 
show s that many of the shells must have been carried into it from 
a sandy sliore, and explains this (p. 388) by reference to existing 
conditions in the estuary of the I)ee, wdiere shells with sand in 
them now get carried out by’ thin shore-ice into deeper water. In 
this case it is clear that scratched boulders of granite &c. from the 
northern land-ice drift must get dfoppe^d into the same clayey 
deposit without having their striae obliterated by being rolled along 
a shingly sliorc. 

Bearing all this in mind, we may now pass on to consider the 
second division of the drifts of the Vale of Clwyd, a stage in w'hich 
the deposits w’ero derived in part from the old 'western drifts above 
described, and also in jiart from the boulder-clays which were 
formed at the end of the icc from the Lake-district, and irom the 
shingle w'hich travelled along the shore fi’em the flint-bearing drifts 
of other areas. 


Pakt III. 

The St. JLsapli Drift. 

Tn a paper read before the Chester Society of Natural Science in 
1880^ I spoke of this as the CBvjdian Drift ; bnt as further sub- 
divisions seem to be already possible, I now" use the name St. Asa])h 
Drift as more precise for the stratified beds on wdiieh the Cathedral 
of St. Asaph stands. It might he called tlio Sea-drift., being the only 
drift in the vale which we know to have been of marine origin ; or 
we might sjjcak of it as the JSewer Drift, to distinguisli it from that 
older deposit on which it rests irregularly’ wherever the two are 
found together, and which, on other evidence, seems to belong to a 
previous state of things. It might be referred to as the Northern 
Drift, seeing tliat in it w’C find for the first time in the history of the 
vale fragments of noi tbern origin. 

* Proc. Chester Soc. Ifat. Sci. no. 3 (1884) 
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This drift belongs to a i)eriod of submergence of which there is 
other evidence all round the coast of Wales. Hence it is clear tliat 
we must divide it into two stages, the deposits of the submergence 
and those of the emergence. There must have been the waste along 
the shore of the encroaching sea as the land subsided, and the further 
down the valleys sunk the safer from further denudation was the 
debris swept into the dcei)er parts. There must have been shingly 
shores and cliffs of houlder-claj^ of the Arenig Drift, along which 
landslips took place, and the clay, not always broken up, and the 
included stones, not always rolled, settled down into the fjords. 
Hound the shore there would be a shingly beach. 

Then there was the period of emergence, when the land rose to 
where we have it now. This was, of course, a time of greater waste 
and deofcruction, when the soft, newly-foimed beds were lifted up to 
the level of the wind-waves, or, if they survived the lash of the 
waves, were raised out of the sea to be acted upon by the summer 
sun and winter’s frost — by the torrents of rain and the mountain- 
streams. 

So we must expect to find along the margin of the valley more 
sand and gravel, and towards the centre more clay. 

Now, to examine the sections in the drifts of these stages, 
I will take them in an order convenient for my puri)Ose of corre- 
lation, first giving the most typical and clearly 3nade out, and then 
following them, as suggested by the particular points of variation 
which I am endeavouring to exj^lain. 

The river Elw'y, when it has once turned north after breaking out 
of the gorge under the Cefn rocks, generally clings rather to the 
eastern side of the valley till it joins the Clwyd at Ithydyddaudwr, 
above Khuddlan. 

Down as far as Pontyralltgoch it cuts into stained Carboniferous 
rocks capped by drift ; Init soon the solid rock drops out of sight, 
and the river washes the liase a slippery slope of claj" and sand, as 
seen where it cuts into the steo]> bank south of Drynelwy. 

The greater part of the drift seen in this section must be referred 
to the vSt. Asa])h Drift. The dark-blue boulder-clay sometimes ex- 
posed at the base near the jjorth end may he, as we have said al)ove 
(p. 70), the old Areniij Drift. A mass of gra\el and sand at the 
top, which may bo the gravel of the shore during emergence, is 
brought against the red clay by an ancient settlement, the exact 
amount and direction of which is obscured by subsequent slij^pings 
of the face of the cliff ; but they both belong to the same set of 
deposits, and contain the same remains. 

In the wood, less than 100 yards to the south, more clay is seen, 
but the lower part of the section there is obscured by talus and 
overgrown. 

Tbe upper sand and gravel is generally grey ; the clay is red. 
Ijower down tbe valley, about 4 mile south of the Palace of 8t. A8ai)h, 
a similar dark-red clay with boulders rests upon sharp red sand, as if 
derived largely from New lied Sandstone. North of the city, just 
below the Mount, another section through the St. Asaph drift is 
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generally well cx]>osed, being kept clear of talus by the river, 'which 
swoops the foot of the cliff. (See section, ffg. Jl.) 

Here bands of reddish clay occur within the mass, and a red 
bouldor-clav' comes on above on the east and south. 

It is excavated for brickmaking near the railway, a little north of 
the station of St. Asaph, and again close to the line where the rail- 
way crosses the road to Llanei'ch farm-buildings. This clay seems 
to thicken to the south. In the well at Llanerch it was x>roved to 
37 feet 6 inclios ; while at Maeselwy, in the well, it was found to be 
54 feet 10 inches in thickness. The boulders were chiefly at the 
base. 

Pig. 3 . — Section seen in East Banic of the Elwy below the Mounts 
St. Asajoh. (Scale 80 feet to 1 inch.) 



a. Surface waali. 

h. AltiM-nalions of sand, with brown or rod clny and loam ; vari(5s much from 
year to year, as the river cuts back the clilf. The middle part is, in general, 
distinctly banded with even-bedd(vl sand and loam ; contains flint, granite, and 
sea-sliells ; scratched stones not common. 

c. Ulue clay, with many scratched stones; all from Welsh hills (ex(;cpt some 
stones from /y, which have got into the to]) puddled and re-sorted ])art). 

On the eastern side of the tongue of drift that parks the Clwyd 
and the Elwy at St. Asaph, opi)osito llroiiwylfa, on the south, there 
is a pit showing a similar section in the 8t. Asaph Drift. Here it 
is chiefly sand, for which the fut was dug. I have found a few 
fragmentary sea-sholls in it. 

Oji the west side also of the valley a similar drift is seen. In the 
road-cutting opf)osito Y lioe there is a rod clay with shells and 
boulders. Up the road towards Wigfair Uchaf red sand and clay is 
excavated here and tliero. East of Pfy nonfair Chai)el, just below 
the bend of the road where it leaves the clift*, and about ^ mile south 
of GlanUyri, there is a section, the upper xiart., at least, of which must 
he referred to the St. Asaph Drift. 

On tox> in the voad-cutting there is a kind of rain-wash brick-earth ft. in. 


full of nests of wild bees 8 0 

Below this is a reddish boulder-clay 25 0 

which rests on a red sand 25 0 

and that on greyish boulder-clay, some stained red ? 35 0 

Q.J. G. 8. No. 169. a 
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It is about 50 feet from this to the bottom of the valley, but the 
whole section, though changing from year to year, is generally much 
obscured by slips and talus, especially towards the base, so that 1 
could not make out whether there was rock at the bottom of the 
section hero. It does occur at this level on the other side of the 
valley. 

These sections show that we have a variable deposit of gravel 
and sand and boulder-clay ; and we must now examine in greater 
detail the constituents and general characters of the beds before we 
carry our identification further. There seems to be occasionallj" a 
surface -gravel, coarse and grey, the result of the winnowing of the 
St. Asaph Drift during the emergence : but the highest beds, espe- 
cially along the central part of the valley, generallj'^ consist of red 
boulder-clay, the middle of sands and gravel, with subordinate clay 
and loam, the bottom of re-sorted boulder-clay or sand resting on the 
old blue boulder-clay, some of which, at any rate, seems to belong 
to the more ancient western land-ice drift. 

Again we notice two distinct groups of included fragments — one 
consisting entirely of those with which we have become familiar in 
the Arenig or ice-drift. These are stones from the far-ofi" mountains 
of Wales, and others which the ice carried from much nearer to 
whore they now lie. Where they have been dro])pcd into clay the 
scratched stones retain their strim ; where thcjy occur in gravel the 
scratched stones are i*are, and only “ the ghosts of scratches can 
bo soon. 

But there is another grou]> of rocks, none of which are scratched. 
Among those there are many which do not occur in place in Wales 
at all. They are in form and surface like the stones found on any 
beach. 

The characteristic rocks tire Scotch and Lake-district granite find 
other igneous rocks and flints. This is true chalk -flint, not chert 
fi^om Clarboniferous rocks, of Avhicb there is also some, though rar(5 ; 
for tho principal chert-bearing strata had hy this limi‘, heeii removed 
from the country west of the Yale of Clwyd. These all occur both 
in the gravels and the ujjpcr clays. 

In the south x>art of the section, near Biynvelwy, 1 have found an 
angular fragment of one of tho scratched boulders buried, in the clay. 
This boulder had probably been cx])Osed in some X)reexi8ting clifl‘ of 
bouldcr-claj^, had been shattered hy frost or sun or fall, and one bit 
had drox3X>ed unrolled into the deidh below, wbere it was buried in 
the mud and x>»’esorvod from further injury. Thus it retained tho 
sharp fractured edges, and also one face, which had formed part of tho 
surface of the ice-scratched block. This, I take it, was a stone out 
of a cliff of the old Ai ouig ice-drift, wliich was washed by the sea 
in the submcrgeuce during which iho »St. Asaph Drift was formed. 

I have found also in the sand and gravel of tho same section 
clay-balls, containing inside only fragments of Welsh rocks, hut 
with i)ehbles of the gravel stuck all over the outside, just as I have 
se on balls of ailuNdal clay or older boulder-clays rolled on the shore 
near Prestatyn, or Ponsarn, or Colwyn, or near Penrhos in Anglesey, 
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all similarly studded over with x>ehbles, which have stuck to the 
moistened, softened outside of the claj^-balls as they rolled along. 

At the time of the formation of the 8t. Asaph Drift the nearest 
cliffs of boulder- clay were the masses of western land-ice drift, in 
which the material was all from the west. All the scratched stones 
were out of that, and therefore from the west. t’liei'O were other cliffs 
of boulder-clay to the north and east, from which northern boulders 
fell into the sea and drifted along the shore ; but the ]K'])bles from 
them had a long journey by all sorts of conveyances before tliey 
reached the Yale of Clwyd and their glacial ])olisliand grooving was 
all worn away, 

(Jf course, ihe distinction founded upon tlio occurrence of north- 
country granites and Hint is oidj- local. The north-country land-ice 
drift contains tlie granites and other rocks of that country striated, 
and the older boulder-clays of the east of TCngland are full of flints 
and other chalk debris. Eut in the Vale of Clwyd these occur in the 
newer marine drifts only. 

AVe arc not, however, dependent on such evidence alone to prove 
that these deposits are the result of the action of th(} sea. Shells are 
not uncommon; Thej' are generally fragmentary, it is true, just like 
the shells thrown up in the sand and gravel of the North Welsh coast 
to-day : but- they arc, many of them at least, determinable, and 1 
have made a small collection in the river-banks described above, close 
to St. Asaph. 

Thc}^ were originally determined forme by the late Searles Wood, 
and have been since seen by many good authorities. The list I have 
given in colnmn 1. in the tabh^, p. 93. 

So the evidence goes to show that here we have a inarinc deposit 
much like that which is being formed in many places ou the North 
AVelsh coast at the present time, where hanks of drift and clay of 
various age are being wasted by the waves. Tluax^ seems to he iio 
necessity for supposing that glacial conditions still ])rcvailed. The 
forms of life are not A rel ic. None of the stones ])(*culiar to 1 he desposit 
are glaciated ; only those dcjived from the Welsh hills are striated, 
and they were* ])?'ohahly washed out of the old A renig ice-drift. 

If it is asked, how, then, did the boulders from the north get trans- 
ported to the Yale of Clwyd? I would reply that many may have 
travelled south ou ice when the northern ice abutted against the ice- 
hound shores of North Wales, but they wertj not then carried into the 
A^ale of Clwyd. They came there and along the coast with the shore- 
shingle, as did the tlinls, which cannot have come from the same 
counti y as the granites. We may expect to find, BomeM’herc further 
north, patches of the old iiorlh-coiintiy boulder-clay with the granite 
blocks in it scored by ice. But when they and the fliuts were tra- 
velling along the shor<.* as shingle all the original striae were removed. 

In following the Arenig Drift to the margin of the Cheshire plains 
we are, of course, tracing it to what may have been always, and must 
have been for a long time, its extreme limit. Therefore it is not 
strange to hnd that there is a larger proportion of northern forms 
among the shells found in the drifts of Cheshire and Lancashire. 
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Jlf^« fiSbcWy in Ilia excellent paper (Quart, Joum. Oeol. Soo. vol. 
Kica^, 1878, p. 384) On the Glacial Deposits of West Chei^re, 
together with lists of the Fauna found in the Drift of Cheshire and 
adjoining C^unties,^ discusses the difficulty of explaining the mixture 
of northern and southom forms in the drift. He says (p. 389) that it 
i« **• more than probable that the Scandinavian shells of the Middle 
Sands and Gravels have been derived from the Lower Eoulder- 
day ; ^ and again, after pointing out that the Upx)er Bonlder-clay 
rests uj>on an irregular suifaec of the Middle Sands and Gravels, he 
says, what, thorefort% more likely than that the southern forms, 
wfiich are very rare in the Upper Boulder-clay, should have been 
dierive<l from the Middle Sands ? I would only go a little further in 
the same direction, and ask whether the Boulder-clay may 

not have lx*i'n derived, together with its Scandina\nau shells, from an 
earlier Boulder-clay, to which they proixrly belonged. 

it is shown hv Dr. Kicketts that Hints occur in the Bouldor-clay 


near Ihrkonhead D^oart. .lourii, Oeol. Soc. vol. xli. 1885, p. 597). 
Mr. Mackintosh, in his paper On the Limits of Dispersion of the 
Lrrutks of the West of England and East of Wales”*, notices the 
occurrence of tliiii in the marine deposits of sand and gravel along 
the eastern borders of Wales; and other writers many of whom 
are tcfcrred to in Ibe course of this paper, notice the occurrence of 
flint on Moel Trvfan and in the drift of Laneas^re and 

Aitkon records that flint has been found on Holcombe Hill, near 
Manchester, at an elevation of uearij- 1000 feet above the sea 

tTraiis. Oeol. Soc. Manchester, vol. vii.), 

'' H shoro-icc is needed to explain a few exceptional groups of 
boulders in the drift or on the hUls, that does ”‘7 
conditions. I have seen shorc-ice m the estuary of the Hco that 
would float any boulder in the Vale of Cltvyd ^ \ 

Connahs (tuay vessels frozeu up m 

broke away in icebergs 50 yards acro.ss : and Mr. Aificd Walku 
has seen the fioulders shifted by sliore-icc along the same coast. 

The St A.saiih Prift falls to lon er levels as wc trace it clown tlie 
vale to the north. This is probably due chiefly to the original nor- 
therly slope of the valley in which it was thrown down, hut also 
may have been increased by an unequal movement of elevation, and 
probably more by the greater denudation near the mouth of tlm esfoarj . 
^ It oecure in bosses and ridges of red sandy drift near ilhuddlan, 
the last place where I have seen anything that could be rolerred to 
it being a sand and gravel, with bits of red shale and clay, in a 
ditch-section ^ mile N.W. of the village, and the upper beds passed 
through in the Aberkinsy borings. It was probably represonted in 
the Foryd boring also t- 

♦ Quart Journ. Gool. Hoc. vol. xxxv. ]870, p. 44(i ; Triminor, Proc. Geol. 
Rnp vnl i 18*51 v» 331 ' Joum. Geol. Soc. Dublin, vol. i. 1838 ; Mackintosb, 

wl. iii. 1841, p. rj84 ; ‘ AthenaBum,’ 1842 ; Darwin, Loud., Edmb., & Dubl. Pbil. 

Geology of the Vale ofClwyd,” Proc. Chester Soc. Nat. 


Sci. 1884, p. 3(i 
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It is of great importance for our present purpose to inquire wliat 
is the character of this drift where it abuts against the rock along 
the flanks of the hills that bound the vale. The clearest section is 
that seen in the large limestone-quarry by the road north-west of 
the old British camp of Parcymeirch, near the village of St. George ; 
here a well-washed sand and gravel abuts against a steep slope of 
weathered limestone, as shown in the section, fig. 4. 


Fig. 4 . — Section in Quarry near tlie V'illarjc of St. George. 
(Scale 30 feet to 1 inch.) 



A. iVlouiilaiu Limosioiio, clip :2()^ N.IS'.B. 

B. Sand and gravel. 

C. Bedclish bouldor-elay, with fragment.'^ of Hoa-shollrt and scratched 

stones. 

D. Talus. 

In this section it is quite clear that a bouldcr-clay has filled up 
an embayed corner in the limestone, and that a sand and gravel 
swept down the ravine, perhaps into the sea, has caught against 
the projecting mass, covering the crags and the clay-filled hollows. 
The process of quarrying has left a thin wall of limestone in front 
of the gravel and underlying clay-drift, the removal of which in 
one place gives the appearance of a drift-filh'd fissure. The red 
colour of parts of this clay ma\^ have been derived from the decom- 
position of the limestone in wdiicli it occuiTcd, and not from the New 
Red. 

Further west still, at Colwjni Bay, variable deposits of sand, 
gravel, and clay occur at various levels up the flanks of the hills. 
From some of these, at a height of about 120-160 feet above 
the sea, Mr. Alfred Walker has collected the shells given in 
column II. of the Table, p. 93. 

All, except Astarte horealis^ are now found upon our coasts (see 
Jeffteys’s Brit. Conch, vol. ii. p. 320), 



86 


PROF. T. M‘K:ENNY hug HRS ON THR 


On the other or eastern side of the Vale of Clwyd, the Talarfi^och 
beds abut against the rock at the northern end. Here inining 
operations have been carried on along the rock-surface, seeking for 
the lumps of ore that occur in the base of the gravels like the 
“stream tin in Cornwall. I have found shells, Tcllhuf haltliica, 
in some more claye}" beds along the edge of the rock, and, in the 
deep gravel at the bottom of the workings, bones &c. are said to 
have been found (Proc. Chester Soc. Nat. Sci. 1884, p. 31) in old 
times, and in more recent times similar discoveries have been re- 
ported. 

If we are ever able to distinguish between the deposits of the sub- 
mergence and those of the emergence, the Talargoch gravels will, I 
suspect, be referred to a late time in the age when the land was 
coming up again. 

Now we must bear in mind, First, that the colouring-matter 
of the New Red Sandstone occurs as a thin pelliclo of oxide round 
the grains, so that when the}’ have ‘been much knocked about, the 
sand is colourless, and the oxide is carried in the water to stain new 
beds of finer texture where it can settle do^^•n. 

Sccondl}’, tliat the New Red docs not attain any considerable 
elevation in the Yale, so that in the submergence it was soon below 
the reach of ordinaiT denudation. Thus we may expect that many 
of the drifts derived from it W'ill not be red, because the colour has 
been washed out, and many drifts of th(‘ same, or only slightly dif- 
ferent age, will be the one r(‘d, the other grey, according as any 
source of the red colour was still in the liio^ of drifting or not. 

Great masses of grey grayel, near Ihynypin. at mi elcyation of 
about oOO feet, clearly belong to some part of this age; and when 
the sea was there it must haye left gravtd and sand above the more 
ancient drifts along thci Ihwy abovc^ Pontyrddol. 

At Rrynypin there must have b<^cn a tidal swill. All down the 
east slope of the same hill, on the south sid(' of JJodfdwyddaii Park, 
tho rod-clay drift is scon in tic road-cuttiiigs, wliere' boulders of 
north-country granite arc not nneomu-on, at any rate up to a h(?ight 
of 300 feet 

On the eastern flanks of the Cl wycli an range there arc grey gravels 
high up the hill on the south side of Cwin Nfuinerch^ for instance, 
which might well belong to this sanio age ; but in the absence of 
fossils and opijortunlties for a more careful tixaminatioii of the 
constituents, we must suspend our judgment hero ; for they 
might be also the gravels at the foot of the groat ice, when it had 
receded just so far. The csgair drift below’ also, near Bryn 
Nannerch, requires more evidence before vve can feel sure about 
its age. 

Three miles and a half to the E.S.lh from here, on the hill-top 
near where the “ g ” of Oaerhug is engraved on the 1 -inch map, 3^ 
miles W.S.W. of Northop, some (>50 feet above the sea, I have 
collected sea-shells in the drift. This is an interesting place to lind 
them, for it lies halfway between the sheli-hoaring beds of Moo 
Tryfan and the similar deposits near Macclesfield ; while if we trave 
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on in the same line, as far again, we find the Hessle beds con- 
taining the same fauna. 

In all these beds there are flints somewhat rolled, suhangular, as 
they call them, but never worn to pebbles. 

Bound the south coast to Pembrokeshire we find the same, and 
the low-lying jdatcau at Bt. David’s is covered by a gravel containing 
flints ; but 1 have not as yet found traces of shells in it there. 

This is part of a wide submergence, and of course, when the 
higher hills were submerged to the extent that I have shown above, 
the lower regions and the hollow places were all below the sea, the 
lowest going down first ; so, as the climate was growing milder at 
the close of the ago of glaciers, the more southern and temperate 
forms of life kept following on the receding ice, but the earlier 
deposits would still contain many of the Arctic types. This may be 
the reason why, in Mr. Bhone’s lists of shells from the drifts in 
Cheshire and South Lancashire, there are so many more northern 
species than appear among the shells in the Vale of Clwyd, or Colwyn 
Bay, or the higher levels of Moel Tryfan, Caerhug, or Macclesfield. 
Or it may be that the Scandinavian shells arc derived from an older 
boulder-clay. 

But we must not attach too great importance to this point ; for 
the persistence of a few northern forms does not justify our referring 
even these beds to the glacial age. Nearer the mountains we have 
abundant evidence that the deposits wo have called the Bt. Asaph 
Drift are Postglacial. The striated stones are all such as might be 
derived from the preexisting A renig Drift ; none of the stones 
I^cculiar to the Bt. Asaj^h Drift, are glaciated. Broken glaciated 
boulders, balls of Arenig boulder-clay, and, with very few excei)tions, 
shells not of Arctic type occur in this Bt. Asaph Drift. 

Deposits of a submergence which succeeded the age of great 
glaciation have been recognized round the north and east of Wales 
(Mackintosh, Quart. Journ. Geol. Boc. vol. xxxviii. 1882, j)- 184). 
Along the “ Bevern Straits ” and beyond into the Midland counties, 
relics of the material washed from the older drift are recognized * 
(Bev. W. Lister, Q. J. G. S. vol. xviii. 1862 ; Davies, Proc. Geol. 
Assoc, vol. iv. 1876, p. 42B; Crosskey, Proc. Birmingham Phil. Boc. 
vol. iii. 1882, p. 209). 

Marine deposits of this age occur over the plains of Cheshire and 
Lancashire, as may be seen from the references I give below with 
the lists of shells (sec also: — De Banco, Quart. Journ. Geol. Boc. 
vol. xxvi. 1871, p. 641, Mom. Geol. Survej", “ Buperficial Geologj^ of 
B.W. Lancashire”; Mackintosh, Chester Boc. Nat. Bci. Feb. 1876, 
Quart. Journ. Geol. Boc. vol. xxv. 1860, p. 407, vol. xxxiii. 1877, 
p. 732 ; Bicketts, Proc. Liverpool Geol. Boo. 1876-7, p. 245 ; Morton 
and Bhrubsolc, Proc. Liverpool Geol. Boc. 1875-(i ; liforton, G. H. 
ib. 1876-7, !>. 294, <^c., Bep. Brit. Assoc. 1876, yi. 110, Geol. 

* In a paper jusL published, Mr. Deeley says of the. Pleistocene succession in 
tlie Trent Basin, ‘‘ all the deposits I hare described as bcdfmging to the two 
previous epochs [Older and Middle ITeisLoceno] were formed duiang one con” 
tinuous period of submergence (Q. J. Or. S. vol, xlii. 1886, p. 467). 
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Kag. dec. 2, vol. iii. 1876, p. 526; Strahan, Mem. Geol. Survey, 
** Geology of Chester”; Mellard Beade, Quart. Joum. Geol. Soo. 
vol. xxM. 1883, p. 92 ; Wood, S. Y., Geol. Mag. dec. 2, vol. iii. 
1876, p. 396, footnote). 

But along the east coast, both north and south of the Wash, 
marine conditions prevailed long before the ice had receded into 
the high mountains, and in the shells of the older drift we find the 
record of this. 

I have not entered into the discussion of the exact subdivisions or 
correlation of these bods. I have referred to some authorities for 
just the point above stated of an older Glacial and a newer Post- 
glacial drift. For local purposes a more minute subdivision is 
possible and useful, but at imesent I think we must, for wider cor- 
relation, adhere to a simpler system, and speak of one groat gla- 
ciation succeeded by one great submergence in the west ; and in 
the east, an older marine, probably synclironous with the first or 
land-ice, and a newer marine, the chronological equivalent of the 
second or ago of submergence in tlie west. For some suggestive 
remarks on this subject see .Tamiosoii, “ On the Cause of tlie liepres- 
sion and Ile-elevatioii of the Land during the (ilacial Period,” (tcoI. 
Mng. dec. 2, vol. ix. 1882. (Sec also Dakyns, “'Glacial Deposits 
north of Bridlington,” Yorksh. Geol. Polytoch. Soc. vol. vii.) 

In the su})joined table (j). 93) I have given a list of the sliells in the 
St. Asai)h Drift and from beds in adjoining districts, which it ,ai)])ears to 
mo belong to about the same age. 1 have added in the last column 
for compnrhon a list of the shells from what is prohuhly a marine 
deposit of the age of the Arcnig land-ice. 

By reference to the authors quoted it will be seen that in many 
cases there are subdivisions of importance in the beds Mdiich I have 
included under one head, and that some of tlie forms which I have 
recorded may have been derived from older deposits. It is clear 
also, from the great difference of elevation, lithological character, 
and proximity to the mountains, that a somewhat ditferont facies may 
be expected from deposits which have been laid down at different 
times in one long age of changing geographical conditions and 
climate. But nevertheless this point seems to be clearly estab- 
lished, that the shells enumerated in columns I. to Yll. all belong 
to a somewhat northern temperate group (/. c. are Post-Glacial), 
that under the deposits in which they occur on the west are the 
land-ice drifts of the Welsh and Lake-country mountains, and 
that below their equivalents in the cast are Old Boulder-clays con- 
taining, either scattered through the mass or in included masses of 
contemporaneous sand and clay, a severely Arctic grouj) of shells. 
These shells are recorded in column VIIT. 

I have omitted all notice of the Echinoidca or Foraminifera, as 
not being of sufficiently common occurrence to bo nsoful for our 
present purpose of correlation. 

The references to the formation, locality, and age, and the sources 
of information are as follows : — 

In column I. are indicated the shells found in the marine sands 
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and gravels of St. Asaph. These were originally determined for me 
by Searles Wood. The collection is now in the Woodwardian Museum 
at Cambridge. See also ; — 

Hughes. “ On the Evidence of the Later Movements of Elevation 
and Depression in the British Isles,” Viet. Inst. or Phil, Soc. 
Great Brit., March 15, 1880, p. 6. 

Hughes. “ I^otes on the Geology of the. Vale of Clwyd,” Proc. 
Chester Soc. Nat. Sci. pt. 3, 1884, p. 29. 

In column II. I have given an unpublished list, kindly placed at 
my disposal by Mr. A. O. Walker, of shells collected and determined 
by him from beds about 120-150 feet above the level of the sea in 
Colwyn Bay. These specimens are in the Grosvenor Museum, 
Chester. 

In column III. I have recorded the shells from Moel TrjTan noticed 
by 

Tkimmeb. Proc. Geol Soc. vol. i. 1831, p. 332 ; Joum, Gool. 
Soc. Dublin, vol. i. 1838, i>p. 28G, 335 ; Kept. Brit. Assoc. 
1838, Trans. Sect. p. 80. 

EoiiiiEs. Mem. Geol. Survey, vol. i. 1840, p. 330. 

DAinusHiBE. Geol. Mag. vol. ii. 1S(;5, Table, p. 2()8. 

Mellaiid Ueadt:. (^uart. Journ. Geol. Soc. vol.xxx. 1874, p. 30. 

IIamsay and Etheiudge. ‘ Physical Geography and (xeology of 
Great Britain,’ 1870. 

Lyell. ‘ Auti(|uity of Man,’ 3rd edition, p. 525. 

SuojSTE. Quart. Journ. Geol. Soc. vol. xxxiv. j). 383. 

Gwyn Jeffreys. Quart. Journ. Geol. Soc. vol. xxxvi. 1880^ 
p.351. 

Gwyn Jeffrej^s says that the MoclTryfan deposit was not strictly a 
glacial one. Ilic taima has a Norwegian rather than an Arctic facies. 

In column IV. 1 liave placed the few shells which have hoen re- 
corded from the sands and gravels which occur at intervals along 
the high ground that rises from the Cheshire phiin on the west, from 
the Vale of Llangollen to the estuary of the Dee,- thus forming the 
eastern houndary of the Vale of Clwyd. I have verified the occurrence 
of these hy finding some myself, hut 1 have not added to the species 
recorded hy Mr. JSIackintosh 

In column Y. I' have j)laced together all the recorded shells from 
the drifts of the lower levels of Lancashire and Cheshire. For the 
subdhisions of those beds the pai)er hy Mr. Shone (Quart. Journ. 
Geol. Soc. vol. xxxiv. 1878, p. 383) may be referred to. Mr. Shone 
thinks that the lower beds of his sections are of considerably greater 
antiquity, and indicate much more boreal conditions than the over- 
lying sands and gravels and their covering claj^ He suggests that 
some of the northern shells found in the upper deposits may have 
been washed out of older hods, and therefore not bo a fair index of the 
climatal conditions of the deposit in which they are found. Mellard 
lieade considers that the various beds from which he has obtained 
shells in Lancashire and Cheshire are only local devclox)ments of one 
series. Provisionally ho groups them all together under the title of 

* Quart. Journ, Geol. Soc. vol, xxx. (1874), j). 712, vol. xxxrii. (1881), p. 360, 
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LoW’-level Boulder-cluys and Sands (Quart. Joum. Geol. Soc. vol. xxx. 
1874, p. 36). . ^ ^ 

It does not appear that any one has detected in that area any 
patches of the drift directly duo to the northern land-ice from which 
so much of the material of all later drifts has been derived. The 
numerous records of glacial striso on the solid rock lead one t o think 
that there cannot have been much erosion since the ice, whether 
land-ice or iceberg, passed over it (see Mollard Iteade, Proc. Liverx^ool 
Geol. Soc. 1872-73, p. 42; Morton, ib. 1876-77, p, 284). Put as 
none of the marine deiiosits referred to under this head can have 
been laid down until after the recession of the northern ice, they 
must belong to an age of loss severe climatal conditions. On the 
other hand, as the ice must have lingered on the high ground of 
North Lancashire and Wales long after the sea had covered the 
Cheshire and Lancashire plains, some of these Lancashire and Che- 
shire drifts may well be nearer the glacial age than the drifts the 
shells of which are recorded in columns I., II., III., and IV. 

See also : — 

Egeeton. Proc. Geol. Hoc. vol. ii. 1836, pp. 189, 415. 

Binnet. Mem, Lit. Phil. Soc. Manchester, vols. viii., x. (1862). 

Morton. Proc. Geol. Soc. Liverx^ool, 1870-71, x>* 01. 

Paterson. Proc. Warrington Lit. Phil. Soc. 

Mackintosh. Quart. Journ. Geol. Soc. vol. xxviii. 1872, p. 388, 
with Note by Gwyn Jeffreys, p. 391, and note by Searlos 
Wood, p. 392. 

Mellard Ueaue. Quart. Journ. Geol. Soc. vol. xxx. 1874, 
pp. 27, 281, vol. xxxix. 1883, p. 83 ; Proc. Geol. Soc. Livor- 
Xiool, 1874-75, p. 35. 

Ffarington, quoted by Barbishire. Quart. Journ. Geol. Soc. 
vol. xxx. 1874, x^. 38. 

In column VI. will be found list of the Macclesfield drift-shells. 
I have not distinguished the older and newer beds of Mr. Barbishire. 
(Manchester Lit.' Phil. Soc. vol. iii. 1865, p. 56 ; Geol. Ifag. vol. ii. 
1865, x)p. 41, 298.) The shells recorded as having been found hy 
Prestwich in 1862 were from the same drift in an adjoining x>it. 

See also : — 

Sainter. ‘ liamhlcs round Macclesfield.’ 

Mackintosh. Quart. Journ. Geol. Soc. vol. xxxvii. p. 363. 

Plant. Geol. Soc. Manchester, Eeb. 1865; Geol. Mag. vol. ii. 
1865, p. 179. 

Mellarb Keabe. Mem. Lit. Phil. Soc. Manchester, 1864 -65. 

In column VII, I have marked the shells of the Hesslo Bods, that 
is, practically, the shells collected by Professor Prestwich in the 
gravels of Kelsea Hill. The list was revised hy Gwyn Jeffreys, and 
puhliabed in Prestwich’s paper on the Kelsoa Hill Beds (Quart. 
Joum. Geol, Soc. vol. xvii. 1861, p. 448), vSee also Clement Iteid, 
Mem. Geol. Survey, “Geology of Holdernoss” (see below, p. 93). 

These beds, according to Scarlcs Wood, are x^ostglacial, and are 
identified with beds which rest on Bouldor-olay, and with others 
which are overlain by still more recent Lacustrine deposits with 
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It is interesting to note the occurrence of Cyrena ijyorhimla) 
fluminaUs in these beds, which (though, as pointed out to me by 
Mr. Clement Iteid, it ranges down to the Cromer Forest-bed) is such 
a common and characteristic fossil in the March Beds and the post- 
glacial river- terraces of the south-east of England — the valley of 
the Cam, for instance (cf. Hearles Wood, Ceol. Mag. vol. ix. 1872). 
See also : — 

Phillips, Quart. Journ. Geol. 8oc. vol. xxiv. 18G8, p. 250. 

Woon and Home. Quart. Journ. G(>ol. Koc. vol. xxiv. 18()8, 
p. 140. 

Hall. Liverpool Geol. 8oc. Bee. 11, 1806. 

Heaiileb Wood. Geol. Mag. vol. viii. Sept. 1871, p. 406. 

Lamplugh. Yorkshire Geol. Polytech. Soo. 1879, pp. 8, 9. 

Jhkes-Browxe. Quart. Journ. Geol. Soc. vol. xxxv. 1879, 

p. 397. 

All the beds from which the fossils were obtained which are 
recorded in columns I. to YII. must be considered to belong to an 
age when severely arctic conditions had ceased to prevail, and which 
therefore may be called Postglacial. 

In column VIII. I have indicated the shells which have been 
obtained from the Bridlington Brift. When examining the Bim- 
lington Section some years ago, in company with Mr. Leonard Ly ell, 
I noticed in the lower part of the cliffs a short lenticular mass of 
greenish sand full of shells. It was so small that we worked it out 
completely. In it we found JViictda Cobholdioi perfect and Astarte 
eoinpressa with valves adherent, and seven other species (see Hughes, 
“On the Evidence of the later Movements of Elevation and Depres- 
sion in the British Isles,’’ Viet. Inst, or Phil. Soc. Great Britain, 
March 15, 1880, p. 8). Mr. Lamplugh has since inocured shells 
from similar beds in the same neighbourhood, and has well worked 
out the equivalent Bridlington Drifts (Brit. Assoc. 18S1 : Geol. 
Mag. dec. 2, vol. v. ]>. 509, vol. vi. p. 393, vol. viii. 1881, p. 535, 
vol. ix. p. 383 ; Quart. Journ. Geol. Soc. vol. xl. 1884, p. 312, in 
which are notes hy Gwyn Jeffrey's, E. T. Newton, and Dr. Crosskey ; 
Proc. Geol. Polytech. Soc. Yorkshire, pt. i. 1881, p. 383, i)t. ii. 1882, 
p. 27, pt. iii. p. 240, 1883). 

See also : — 

Bean, Wm. “A short account of an interesting deposit of 
Fossil Shells at Bridlington Quay,’^ Loudon’s Mag. Nat. Hist, 
vol. viii. 1835, ji. 355. 

Youxg and Bird. Geol. Survey Yorksh. Coast, 1 S22, p. 22. 

Sedgwick. Ann. Phil. 1820, ser. 2, vol. ix. p. 339. 

Phillips. Brit. Assoc. 1835, Trans. Sect. y. 02 ; Geology of 
Yorkshire, 1835, p. 40 (in the 3rd edit. p. 274, there is a 
note by Gwyn Jeffreys). 

Lyell. Ann. & IVtag. Nat. Hist. vol. xii. !1839, !>. 324; 

‘ Antiquity of Man,’ 1873, p. 2G(). 

Forres, Mem. Geol. Surv. vol, i. 1840, p. 392. 

Searles Wood. Crag Mollusca, 1847-55. The Bridlington 
drift was then believed to be about the liorizon of the 
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Mammaliferous Crag. Quart. Joum. GeoL Soc. vol. xxvi. 
p. 92, vol. xxxvi. p. 515, vol. xxxviii. p. 681 ; GeoL Mag. 
dec. 2, vol. i. p. 246, vol. v. p. 13. 

SoBBT. Proc. GeoL Polytech. Soc. West Riding, Yorkshire, 
vol. iii. 1858, p. 559, with the Foraminifera named by Rupert 
Jones, 

Gtriw, Essay on GeoL Norfolk, White’s Gazetteer, 1863. 

TrunAiiii, E. GeoL Mag. vol. i. p. 142 ; Proc. Geol. Soc. Yorksh. 
vol. V. 1870, p. 7. 

WooBWABD, S. P. GeoL Mag. vol. i. 1864, pp. 49, 142, 216. 

Crossket. Proc. Birm. Phil. Soc. vol. ii. p. 373. 

Simpson. Geol. Nat. Hist. Repertory, vol. i. p. 57. 

Bebwell. Geol. Mag. dec. 2, vol. v. p. 517. 

Leckenry. Brit. Assoc, 1864. 

Gwyn Jeffreys. Brit. Assoc. 1874, p. 83. 

Daeyns. Geol. Mag. dec. 2, vol. vi. p. 238, vol. x. p. 93 ; Proc. 
Geol. Soc. Yorksh. n. s. vol. vii. p. 123. 

And the collections by Bean and others in the British Museum, and 
the Leckenbj’^ collection in the Woodwardian Museum at Cambridge. 

In a note at the end of the list drawn up by Gwyn Jeffreys, and 
published in Phillips’s ‘ Geology of Yorkshire,’ 3rd ed. p. 277, ho says. 
All the above species are now living and inhabit the Arctic and 
northern seas. N'lucula Gohholdim is hitherto known from Japan 
only.” He further on makes, the following important obser\"ations 
on the admixture of littoral and deeper- water shells : — “ I should bo 
inclined to rtyeet from the list of Bridlington shells the following 
species, viz. Miftilus edulis^ Cardium edule, Litlorhia littorecf, L. Tadin^ 
and Puv'pxirn lapillm, because they are littoral, and therefore not 
likely to be associated with species which belong to the coralline 
zone, such as Khy'nclionella pfiittacea, Venus Jltictuosa, Uentalhmi 
striolcitum, Admete virkliila, and VolnmheHa Holholli ” (=0. rosacea). 
“ These littoral shells may have come from an overlying or adjacent 
bed, and become accidentally mixed with the shells from the deposit 
under consideration.” It is not uncommon to find on an}^ shore 
among the littoral shells others that have been torn awaj’ by currents 
and tossed up by storms from far below low-water mark. But in 
that case Gwyn Jeffreys evidently must have thought, from the 
character of the deposit and other circumstances, that that exjdana- 
tion was not sufficient. 

Mr. Lamplugh has worked this (picstion out, and arrived at the 
conclusion that some of the shell-bearing beds are transported by 
the agency of ice from sea-bottoms of various depths further north 
and mixed up with littoral and even freshwater deposits Whether 
any of them have travelled far or not matters little for our present 
])urpo8C, as the condition must have been somewhat boreal on a shore 
thus invaded by ice from arctic regions. I have therefore given the 
list of the shells as a sample of what we should expect in a true 
glacial deposit, without noticing the character of bed from which 
it was derived. For such details I refer to Mr. Lamplugh’s excellent 
* Geol. Mag. dec. 2, vol. vi. 1879, p. 393, 
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papers, and especifidly to the recently published Mem. Geol. Survey, 
“ Geology of Holdemess,” by Mr. Clement Beid, to whom I am in- 
debted for the revision of my list and for much kind assistance. The 
percentages have been changed by Mr. Beid’s work, and the state- 
ments of Gwyn Jeffreys and others will have to be modified ; but 
the main conclusions to which I would draw attention remain un- 
altered, viz. that “ with the Bridlington Crag, notwithstanding the 
close proximity of the deposits, the marine gravels show little con- 
nexion” (Clement Beid, p. 69). I am inclined to refer the glacial 
character of some of the newer marine beds of Eastern Yorkshire 
to the wasting of old boiilder-clay cliffs and the using up of old 
material, rather than to the recurrence of arctic conditions, and so 
com[)are the Arenig land-ice drift of the west with the Bridlington 
Drift of the east, and the St. A8ai)h Drift with the shell-bearing 
sands and gravels of Kelsoa and Hessle. 

There is more doubt resx>octing the fauna of the glacial beds soutli 
of the Humber, Bcarlcs Wood’s Mid-glacial, for instance, in conse- 
quence of the difficulty of discriminating between the contemporaneous 
shells and those derived from the Crag, which occurs close by. (Sec 
a useful review of the literature of this <>f the subject by 

H. B. Woodward, Proc. Gcol. Assoc, vol. ix. Bee also Jukes-Browno.) 
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Pakt it. 

Alluvium and Surface-drift. 

Tow wo nitist briefly examine the still more rc'cont superficial 
clei)osiis of flic Tale. In treating of the drifts this is of great 
imx)ortanee, seeing that it iwS so hard to distinguish the re-sorted 
newest beds from the undisturbed original dei)oBit from which tliey 
wore derived. Even in the older rocks this is a common source of 
error. The comx>act breccia comx)osed entirely of fragments of 
Mountain Limestone which sometimes makes ii]) the Lrockram or 
base of the Lower New Kcd h^tindsl.one in the Eden valley is often 
almost undistinguisluible from thc^ x)iireiit rock. The surhice of the 
liOwer Lhalk broken and reset has often been mistaken for tho 
solid chalk, until a line of angular flints showed that it was only 
consolidated clialk-gravd. lie-sorted JMioccne has been r(^x)orted to 
contain remains of maji. Jhit the re-sorted drifts almost defy 
detection in most cases. We have already discussed the characters 
which belli us to make out wbether tlie glacial drift rmuains as left 
by the ice, or whether it has been sorted by tho sea ; so also, if we 
know the district well, wc may ascertain wlndlio]’ Ave have before 
us the marine dex>osit or only some of it washed to lower levels hy 
rain, or worked down the liill ))y all the other agencies which 
modify tho surface-soil (see Morton, (L H., ‘Nature,’ Sept, lit), 
18S0, p. 511). 

It is clear that a long time has elax)sed since the last of the St. 
Asai)h Drifts was loft hy the sea ; this is evident, first, from an 
examination of the ncAVor dejiosits w’^hich have hecn laid down on it 
or after it. The various kinds of alluvium which have silted uj) 
the lower or northern end of tho Tale of Clwyd are all newer and 
must have taken some time to form. We have already x>oiiitcd out 
that in the sections near llhuddlan they are seen resting ui)on what 
looks like St. Asaph Drift. 

So we come now to the Alluvial Ago. Alluvium and rainwash 
must, from the nature of the case, have been formed in every period 
Q.J.G.S. No. 169. H 



98 


PBOr. T. M'KENNY HUGHES ON THE 


of the world’s history when there were land and rain and streams ; but 
these superficial deposits would he the first to be destroyed, especially 
in subsequent submergences, and the chances are that only the latest 
deposits of that kind are seen exposed in any district. 

At any rate the alluvium and rain wash of the Yale of Clwyd 
belongs to the age that succeeded the emergence, and is still going on. 

Patches of alluvium can be traced far up into the hill. Por 
example, down the road between Wern and Penybanc, N. of Ponty- 
rddol, there is a grey gravel, and here and there beds of sand. It 
was, so far as I could see, all composed of Silurian and Cambrian 
rocks. 

We have no data for determining the absoluie age of the alluvial 
deposits in the upper part of the Yale. I have a very fine, partly 
ground neolithic implement, picked up by Mr. Stuart Menteith in the 
gravel of the Elwy above St. Asaph, and given to me ; but there is no 
evidence as to whether this was carried on to the gravelly bed of 
the river from the alluvial gravel which there spread across the 
valley from side to side, or was dropped in from the surface-soil. 
The North Wales fenlands of Morfa lihuddlan were formed where 
the river spread over the low flat lands ; its velocity was checked, 
and the transport of gravel ceased. So below St. Asaph, near 
Rhuddlan and lihyl, for instance, the gravel banks give way to 
tidal silt, to which we will refer as the Morfa Hhuddlan beds, and 
which is probably newer still than some, at any rate, of the gravel 
near St. Asaph. The course of the river has altered considerably 
since the water-towers of Rhuddlan Castle were built. 

Sections through the silt have been sunk for various purposes here 
and there. Por instance, I was informed that when the railway 
was being made along the coast, they dug out the blue estuarine 
clay to a depth of 18 feet to make the embankment, and near the 
bottom of the excavation found the skull of Bos lonc/ifrons^ and the 
antlers of Cervus elaphus^ which are now preserved in the Cambrian 
inn at Pensarn. These remains occr»r here and there all through the 
deposit. The Balani on the points of another pair of antlers show 
that it had projected above the surface of the clay for some 
time. 

On the south of lihyl a trench cut out for draining-purposes 
exposed the following section : — 

ft. in. 

a. Surface-soil with broken shells of Buceimim undatum 

at the base, perhaps artificially carried there. 

b. Blue clay, 'weathering brown in tlie upper y)art, con- 

taining sliells of tScrobicularia jyiperata, with valvea 

adherent 1 0 

c. Peaty silt, no timber O 6 

d. Peat with trees 15 ft. in length and 1 ft. 0 in. in 

diameter 2 0 

e. Blue clay 3 0 

On the Morfa Rhuddlan beds rest the sand-dunes and the shingle 

which form a great natural bulwark against the sea, which is driven 
fiercely on this coast by the north-west winds. These Eolian beds 
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are of any recent age down to the present day ; there is no evidence 
of any of them being of greater antiquity than the Morfa Rhuddlan 
bods ; yet it is probable that they were alwa 5 ^s represented along 
this shore, and played their part in aiding or checking the changes 
which submergences or elevation from time to time tended to 
produce. 

There are traditions and some other suggestions of there having 
been such changes within historic times, though history is silent 
about them. In the churchyard at Abergele there is a sandstone slab 
bearing this inscription : — “ Here there lies in the churchyard of 
Michael a man 'who had his dwelling three miles to the north.’* 

The sea is now wil bin a mile ; but whatever may be the interpre- 
tation of this statement, whether he was a man who lived on board 
ship, or whatever other explanation can bo offered, it does seem to 
me improbable that changes of that kind and extent can have taken 
place along that coast within the period that the character of the 
inscription would allow us to assign to it, or oven since Abergele 
church was built. 

The traditions of change in the coastr-line may, however, be 
founded on correct observation. Very likely, for instance, a tongue 
of drift ran far out by Llandrillo ynrhos, the destruction of which 
affected the denudation along the shore further east. Very likely 
there have been some changes of level in comparatively recent times, 
and the so-called submerged forests near Prestatyn and Pensarn 
and at the west end of Colwyn Bay are most easily explained on the 
sujpposition of a small subsidence But wo must remember that 
trees now grow in the marshes behind the sand-dunes on ground 
over which the sea would rush in high tides, were it not for the 
protecting barrier, and that hy the washing out of sand below such 
forest-beds they often get still further lowered, while some sui)posed 
forests are mere stumps of trees drifted out to sea and generally 
floated right side up as they are ballasted hy the earth and stones 
caught in the roots. (See Potter, Trans. Liverpool Geol. Soc. 
1868-9 ; Whitaker, Mem. Geol. Survey, Guide to Geol. Lond., 4th 
edition, pp. 77, 78 ; Lust Essex, p. 18 ; Geol. Ijiswich, p. 97 ; Proc. 
Geol. Assoc, viii. p. 137. See also Ilexi. Brit. Assoc. 1885, pj). 442- 
465.) 

The peat of the East Anglian fenland is, in the main, of Neolithic 
age t, though some of tho earlier deposits associated with the peat 
contain palaeolithic animals, for these have been sliown to be 
probably only a few derivative sjiecimcns from the older gravel-heds 
on which the peat rested. 

So the peat and silt of the estuary of the Clwyd have yielded uothing 
older than the Bos lont/ifrons and Cervus elaplius. The Morfa 
Bhuddlan beds may date from Neolithic times to the jiresent day. 
Eew short rivers running straight out from the hills to the sea 
without the intervention of low-terraced lands near the mouth 

^ Mellard Keade observes tliat the last movement of the land in Lancashire 
was downwards (Proc. LiverjDOol Geol. Soc. 1871-2, p. 487). 

t * Cambridge Keview,' 1886, p. 366. 

h2 
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have yielded paloDolithic remains. As the river is cutting back 
the steep ground, terraces are soon destroyed, and the rain 
and agents of degradation keep handing down to lower levels 
all superficial deposits as soon as formed — so along such vtil]« ys 
great masses of rain wash, or head, or run of the hill gather in 
hollow places or on ledges ; all surface soils merge into such 
accumulations. Where the ground is covered by vegetation it is 
to some extent protected ; but where the sod is broken, the rain soon 
undermines and sweeps out the soil, and a ra\'ine is formed. A 
hole scraped for shelter by a sheep may lot the water tlirough the 
turf and start the work. Looking out on the east from the train 
near Lowgill Junction in Westmorland, about an acre of land may 
be seen covered with stones to about 10 feet deep in places. That 
was all done in about two hours in a thunder-storm, and the gashes 
from which this debris was swept out are seen on the fellside 
above. At the mouth of each little gorge along the Upper Rhone 
a fan-shaped mass of torrent- debris is protruded into the valley. 
These look like the fragments of moraines as you drive down the 
valley over a succession of hills, now hanging on to this side, now to 
that side of the valley. A more careful examination, however, 
specially from higher ground, soon shows their real character. So 
in the smaller valley of the Clwyd there are masses of torrent-debris 
of postglacial age protruded into the vale, as, for example, out of 
the gorge by Denbigh, from the valley of the Clwyedog, or from the 
smaller tributary streams. But all the while along the slopes the 
rain brought down the soil and stones, leaving the rocks bare here 
and there to be disintegrated and furnish more material. 

Such debris, derived almost exclusively from Silurian rock, was 
pointed out to us by Mr. Strahan in a road-section east of Tromeir- 
chion. Where there is soft drift the rainwash is, of course, different, 
and is^ more readily transported ; but sooner or later every loose 
material travels down the hill. W’^hore the soil is bared by plough- 
the downward waste is often very rapid. In every long-culti- 
vated hiU-country there are terraces so formed. Eacli man turns 
down the soil from the upper side, so it accumulates at the lower 
end of his allotment, and is removed from the bottom of the bank 
that separ^es him from his neighbour on the slope above (see fig. 5, 
p. 111). Thus, m a manner accidentally, are formed the terraces 
known as raines in the north of England. 

There are many tests to apply when we are trying to distinguish 
between a marine shingle, a nver-gravel, and the rainwash or Tun- 
oi-tne-liiil. 


coarser gravel somewhat 
sorted, but the up incline ^md the over-bank tip are <^uite distinct. 
Even m case of shingle thrown against a cliff there is often 
a ndge of thrown-up gravel a little way from the rock ; this is 
caused by the recoil of the wave. Just as we may often notice 
^ong the pavement on a gusty day, the dust is laid, not along 
the base of the wall, but in a ridge nearer the middle of the pave- 
ment, being driven off the wall by the rebound of the wind from 
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it ; so it often is in the case of material deposited by currents at 
the foot of cliffs. 

The stones of which the shingle is composed lie with their longer 
axes parallel to the planes of deposition as a rule ; but sometimes 
when the scour is great they have a subordinate arrangement ap- 
proaching that next described in the case of river-gravels. 

liiver-gravels are left, as the velocity of the current decreases, in 
the order in which, from their size, weight, form, and other condi- 
tions, they first attain their position of rest; but the principal character 
common to all such gravels is that the fiattened oval forms lie packed 
together obliquely, with their longer axes inclined to the bed of the 
stream, the lower end pointing up stream, so that the flat stones 
overlap one another in such a manner as to present a face to the 
descending current and throw the water up instead of letting it 
get under the edge and lift the stone. 

Of course all gravels deposited by marine currents have this 
character also ; but there are seldom marine currents of the force 
and velocity of a mountain-river in flood. 

In the case of the run-of-the-hill, on the other hand, the stones 
and other materials are more commonly carried down by movement 
more akin to slips. The position of rest is not that in which the 
material can best resist the force of a downward current urging it 
on, but the position in which it can catch by friction, or by 
arriving at a gentler slope, so that its own downward tendency is 
overcome. The flat pieces therefore lie . with their longer axes 
parallel to the surface along which the debris is travelling. 

The material is roughly stratified because rain helps, and different 
material catches in different circumstances. The travelling of 
isolated boulders in the rain wash or marine drift or on the shore is 
easily explained. Though gravel, consisting of stones of a given 
size, requires water of a given velocity to move it, it does not follow 
that one such stone lying on sand requires water of the same velocity 
to carry it along. The fine material round and below it is removed 
by the swifter current close to the obstructing mass ; it is set in 
motion, and the water playing on the whole of one face rolls it along 
over the even surface of sand. So the occurrence of single blocks 
can often be explained without calling in the agency of ice or any 
exceptional condition. All around the Vale of Clwyd such debris is 
everywhere found, sometimes derived from the solid rock, as in the 
section above quoted (p. 100), near Tremeirchion, sometimes de- 
rived from the drift, as up the road from Pontyralltgoch to Wigfair 
Uchaf, sometimes red with the washings of the Now Ked and the 
result of the decomposition of limestone, and sometimes grey where 
the iron-oxides have been washed away or the rocks from which it 
is derived contained originally a smaller proportion. 

In the Vale of Clwyd this crumbling of all loose material down 
the hill-sides has been going on ever since the land emerged from 
below the waves that left the St. Asaph Drift, through the long ages 
while the sand-dunes and wave-driven shingle were travelling from 
west to east and damming the streams that ran into the sea between 
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Llandulas and Prestatyn, while all the Morfa Rhuddlan beds were 
being laid down, and while the alluvial gravels of the valley were 
being formed ; each shower, each frost, the sunshine, and the animals 
all helped to work the surface of the hills to lower levels. With 
BO much time, with such continuous agencies at work, the wonder 
is that any soft material of early date is left upon the hills. 

Where are the deposits of Palaeolithic age ? Perhaps they may 
be represented by some of the higher t-errace-gravels, which are 
older than the Morfa llhuddlan beds, and older than most of the 
gravels of the Elwy and the Clwyd. But the chances are enor- 
mously against our finding any remains of that date in the terrace- 
gravels along the hill-sides. The implements wore rare and the 
bones were quickly decomposed in those porous water-bearing 
strata. 

It is not as if we had plent}’ of such remains in the gravels of 
later date. Were it not for that one fclstone implement preserved 
by some accident in the more recent gravel of the Elw3% we should 
know nothing of the occurrence of neolithic man in the district 
except from the remains found in caves and from some interments. 

Perhaps some of the Morfa llhuddlan beds may go back to the 
Neolithic age. The Bos and the Oer^jus found in them certainly 
came down to Roman and later times. 

Similar phenomena are recorded from West Lancashire * and 
Cheshiret. 

It is perfectly clear that we cannot everywhere draw a hard-and- 
fast line between those divisions. 

The rain and other subacrial agencies must have brought down 
the debris of the hill-sides, and the tidal silt was being thrown 
down in the lower reaches of the Clwj’d, while the rivers were 
forming terraces along the cavernous banks of the Elwy. But 
little of that which was washed down in the earlier times has not 
been since removed by the continuance of similar agencies, and none 
can have survived the scour of the submergence. 

So river-gravels were being formed in the upper part of the vale 
while marine deposits were being tiirown down in the lower, and 
so on ; but, in the main, there is a general sequence to be made 
out, and the relative age is pretty clear, though it will take much 
more work to feel sure where to x>lace the beds seen in every 
isolated section. 


Part V. 

Caves, 

We must now examine the evidence to be derived from the caves 
and endeavour to find their place in the chronology" of the district. 

With a view to this it is of first importance to distinguish clearly 
between the history of the caves themselves and that of the cave- 
deposits, 

* Moore, T. J., Trans. Lancashire Historic Soc. 1885. 
t He Bance, Quart. Joum. Geol. Soc. 1871, aatvii. p. 655. 
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There are many kinds of caves, and there are many different ways 
in which caves are formed, and it is impossible to investigate their 
age without inquiring somewhat into the geology and physiography 
of the district ; but I shall dismiss this part of the subject very 
shortly with a reference or two. 

First, we are not dealing with artificial caves in any case, nor 
with caves formed by the sea. The cliffs in which they occur are 
not sea-cliffs Wc have to do with natural caves, such as rock- 
sheltcrs due to the subacrial wasting away of parts of the rock 
which were readily shelled off under the influence of variations of 
temperature and of the moisture which was condensed upon it. 

The most favourable condition for the formation of caves is that 
the limestone should have been exposed to the action of the weather 
and its joints opened out, and that then it should be partially covered 
up by boulder- clay, which would collect all the water into runlets, 
and so concentrate it upon certain lines of weakness and form 
underground water cotirsos f. 

Still more common than the rock-shelters, and more important 
for our present inquiry, are the caves which represent ancient sub- 
terranean watercourses in ihe limestone rocks which flank the vale 
on either side. How such caves were formed is well known ; but 
wTieii they were formed, and to what drainage-system they belong, is 
not always clear. 

For instance, in the Elwy valley the Cefn caves arc obviously due 
to the decomposition of the limestone along the weaker lines in the 
general drainage-system of that valley ; but what the particular 
local conditions were that caused the subterranean channel to 
plunge down suddenly to an outlet far below, is not so clear. 

The adjoining Pontnewydd cave, so far ’as yet explored, runs 
approximately on one level. 

Near the top of the opposite hill the Plas Heaton cave must have 
been formed under quite different conditions. It does not lie in 
the line of any existing drainage-system ; it must be a very 
ancient cave ; perhaps it was formed when the streams that flow 
down near Llysmeirchion ran at a greatly higher level, the inter- 
mediate ground being all filled up with drift, or perhaps when the 
drift choked up the Elwy valley, as we have seen above was once 
the case, some of its waters may have found their way into the lime- 
stone rocks above Plas Heaton. 

If the Cefn caves were formed by water collected on the imper- 
vious drift, then we must refer them to a later date than the Plas 
Heaton cave ; but this is not quite certain, as they may have been 
partly formed when the gorge was first being cut back, and the 
stream ran partlj’ underground, as now in many limestone valleys, 
and only in flood ran along the channel of the apparent stream- 
course. More probably some, if not all, of the Cefn caves were formed 
much later, when the gorge was filled with boulder-clay, and the 
water ran into swallow-holes along the margin of the drift and rock, 

* See Whitaker, Geol. Mag. vol. iv. 1807, pp. 447, 483. 
t See Prestwich, Quart. Joum. Geol. Soc. vol. x. (1854), p. 222. 



104 


PHOT’. T. M‘KENNY TIUOirEPi ON TTTE 


and part of such a one became a sloping cave. In the submer- 
gence this cave cannot have been as nothing would make 

the current fall to open out vertical passages at the bottom of the 
sea. 

Caves of various age occur along the limestone hills that bound 
the western side of the vale. Some are oJd fissures enlarged and 
filled with various minerals, and being noAV o])en(id out again, as 
they are brought within the reach of surface-denudation, hneh are 
the water-caves and lodes exposed by mining along th(^ northern 
sloi)cs of Cefn Meiriadog. 

Further north, upon the coast at Jdandulas, caves, now left high 
and dry in the cliffs above the sea, point to difterent geographical 
conditions there ; w^hile a little inland the travertine below Cefn- 
yr-Ogof tells of the same process carried on to later times along the 
margin of the drift-covered hills. 

Crossing to the eastern side of the vale, the fissured cavernous 
limestone of Gwacnysgor and Dyserth has only less conspicuous 
caves, because there arc smaller areas of impervious beds above on 
which the water could collect in stieams. 

But near Tremeirchion the conditions are more favourable. About 
half a square mile of limestone rising abruptly from the valley is 
surrounded on tb ' east and north and south by the Silurian hills, 
and the water in t very little ravine where it touches the limestone 
tends to form swallow-holes and caves. The drift, too, overlaps the 
limestone and carries the water further on to it in places. When 
the gorge was deepened, the old caves were deserted, and the 
streams burst out at low er levels. 8uch caves are quickly choked ; 
for the hills arc stcci), and there is much drift and loose super- 
ficial debris being A\ ashcd dowm. 

One such ravine wi icih runs doAvn from Y Graig by Ffynnon Bcuno 
is full of caves on cither sido. Some probal)ly Avero formed when 
first the water touched th^ ointed io(;k in the bed of the little 
stream. Some in much later times w^cre fed by SA\uill()Av-holos along 
the margin of the drift, which Avas and is still being c‘atcn back by 
surface-denudation. IN^one of these are necessarily very ancient 
caves, as we inferred the Plas Heaton and Cefn caves must be. The 
upper cave, known as the Cae Gwyvn cave, w^as prohfibly fed by a 
swallow^-holo on the margin of the drift above the ui)per entrance ; 
and from the loAvor cave you can noAv look out at the sky above 
through an ancient swallow- hole which cauglit the water "off the 
drift-covered 8lox)e. 

In the valley of the Chwiior, a little further south, we have an 
interesting proof that the wuistc of the limestone rocks and the 
formation of subterranean Avatercourses Avas still going on long after 
the sandy drift w^as formed. 

Near Caerwys Station, hchind the inn wdiich takes its name from 
the white water of the pool, Pwligwyji, thc^re is a H(?ction through a 
great mass of traAmi tine Avhich has h(;on do])ositcd against a mound 
of drift. T})e travertine is shown to lie ncAvt^r tha.n the rod sand 
and graAad, and to have been deposited against a Rt(!ex> slojie of it. 
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as they dovetail into one another, and lines of red sand seem often 
to have been washed far out on to the growing travertine. Where 
this drift overlaps the limestone it must be washed into the crevices 
and caves whic^h are being formed, as the result of the chemical 
solution of which wo see the iHOof in the dei)08it of calcareous tufa 
at Pwllgywn 


Part VI. 

The Cave-deposits, 

The age and manner of formation of the deposits in the caves is 
quite a separate question from that of the age and manner of for- 
mation of the caves themselves. 

As a general rule, we may say that the time of formation of caves 
was a time of destruction. Ever increasing streams were rushing 
into and through the cave as it was being enlarged, and of course 
but little deposit of that date could permanently remain. It was 
when the cave had been deserted by the streams that formed it 
that the age of accumulation of cave-deposits began. Por a long 
time it was still subject to overflow and fl^ood, and the earlier 
deposits always ran a great chance of being swept out. 

Such a cave, brought within reach of the action of the sea, would 
be soon cleared out, and every tide would swill it out afresh. 

When we try to fix the date of cave-deposits we must appeal to 
the same kind of varied evidence as that on which we base our 
classification of the sedimentarj’^ rocks in a natural system. 

We must from an examination of the district try to make out 
when it was that the local conditions first allowed any deposits to bo 
laid down in the cave, and establish their true order of succession. 

We must also examine the palaeontological evidence. The 
dox^osit may be very recent, yet contain remains not now common 
in the area from which it was derived, as for instance when a district 
has been cleared of wood, and the land- shells and other forms of 
life have changed in consequence, the cave-deposit may tell the 
story ; we should find those forms of life that haunt the woodland 
succeeded by those that love the open ground. Without taking such 
circumstances into account, and making due allowance for habit and 
habitat, percentage is a very unsafe test in paleontology ; still, when 
we are dealing with bone-caves in which great beasts of prey have 
gathered the remains of all the animals they fed upon, wo have the 
record of many of the forms of life that do not usually frequent 
caves, and we can compare the list with those drawn up from all 
the bones found in the ancient river-gravels and old marine deposits, 
and can tell whether they most resemble the older or the newer 
groux )8 of life. In this way sufficient evidence has been collected 
to form a rough chronology to which we can appeal in isolated cases 
for a date. 

Now let us turn to some of the caves in the same district, and 
see what we can learn from an examination of their content-s. 

* See Maw, Gool. Mag. vol. iii. p. 253. 
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First, I will take Plas Heaton. This I ex]>lored with the late 
Mr. John Heaton. The existence of the cave had been lonp: known. 
It was exposed in opening a qiiarrj^ and the broken rock and fallen 
drift and rainwash round the month were by degrees removed. ( )n 
removing an old wall built across the mouth by earth slopj)crs we 
, could then get in a little way. The slope of tlie soil W'as inwmrds 
at the end next the house, shoAving that the intilling of that part 
was chiefly from the mouth behind the increasing barrier of rock- 
debris and washed clay. 3t, rose again towards the far end. A 
large number of bones occurred in tlie first i>art, and the earth 
was excavated and laid on tlie land. Among the bones were those 
of Hysena, Dog, Wolf, Ihx, Glutton, Dear, Dadger, Heindecr, Sheep, 
and Habbit. 

The lower jaw of Glutton I picked up myself, as it was thrown 
out by a workman who was digging in the cave. Kot far from it 
were pieces of a large bottle, like a magnum, buried in the earth 
beyond where we could creep before the excavation had commenced. 
These had probably been thrown in, and appeared to have got so 
far, partly by being carried on by the rain, partly because this 
part of the cave had rapidly been flDed, and partly because the earth 
had been disturbed by badgers and other burrowing beasts. We 
found the skeletons of two badgers and tAA^o dogs all together in one 
place as if two hounds had got into a badger-earth and all had 
perished together. 

When this cave had been further excavated, bones became very 
scarce, and the cave ended off in a great mass of red clay with 
boulders, slipped masses and washed debris from the St. Asaph 
clay-drift, which lies above. Had g come first upon this cave by 
digging from the end still unexplored, some would have said it 
was a prcglacial cave, and that its mouth Avas sealed by Boulder- 
clay. 

In the deepest part of the caA'c, in the hollow between the accu- 
mulations drifted in from either entrance, there was a mass of very 
fine chocolate-coloured clay, in places finely laminated. This was 
evidently due to the settling down of the finer sediment washed in 
through crevices when the cave was nearly choked. 

When great storms no longer flood a cave, but the rain still 
causes a pond of muddy Avater here and there within it, we find 
that laminated clay is formed. No stream or wind stirs the quiet 
water in the deep recesses of the cave, nothing but a falling 
drop breaks its smooth surface ; the mud settles doAvn, first the 
coarser, then ^ the less coarse, and last the very finest. So as 
there is a parting of coarser material between every layer of fine, 
the result is a laminated cla}’, the thickness of each layer depending 
partly on the depth and partly on the turbidity of the water which 
filled the hollows. 

The lamination is caused by the alternations of wot and dry 
weather; but as long as the basin does not vary apj)reciably in 
depth, and the amount of sediment in the water is the same, the 
lamination must be approximately regular, whatever the intervals 
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between the periods of deposition may bo. There is no necessity for 
calling in glacial action or any conditions different from what com- 
monly now recur in caves periodically invaded by muddy water to 
account for laminated clay. 

The Cefn caves were first described by Dr. George Gumming, of 
Dolhyfryd, nea r Denbigh (see ‘ Idandudno, A Handy Guide, &c.,’ 
by J. Price, p. -^0). 

They have since that time been frequently noticed : — Stanlej^ 
Edin. New Phil. Journ. vol. siv. 1833, p. 40, Proc. Geol. Soc. vol.i. 
p. 402 ; Bowman, J. G., Brit. Assoc. 1836, Hep. Sect. p. 88 ; 
Falconer, Pal. Mem. vol. ii. p. 541 ; Anon., ‘ Geologist,’ 1863, 
p. 114 ; Dawkins, ‘ Cave Hunting,’ p. 286. 

In a discussion before the Society (Quart. Journ. Geol. Soc. 
vol. xxvii. p. 410) Mr. Symonds explained the manner of occurrence 
of the shells in those caves, and I stated that I inferred, from what 
I had myself observed, that they were all introduced with the rain- 
wash through fissures &c- from overlying beds of shell-bearing drift. 

The Pontnewydd cave, near Cefn, I described* some years ago, in 
conjunction with my friend Archdeacon Thomas. With regard to 
the traces of human handiwork we said : — 

“ On the whole, therefore, it would appear that we have fragments 
of the toughest stone of a country where suitable flint could not be 
procured, shaped like some of the undoubted flint implements of the 
caves of Dordogne, occurring in a cave associated with the same 
group of animals as that found with the French implements ; that 
these instruments are formed of fragments of felstono such as is 
abundant in the drift of the neighbourhood and in the cave-deposits. 
A portion of the original surface left on some of the implements 
shows that they were formed out of such weathered fragments. 
Unless, therefore, the fragments from which the implements were 
formed were brought by man from another and distant river- 
basin, they must have been obtained from the drift, and this is 
rendered almost certain by their being found associated wdth remanie 
drift mixed with tumble from the roof of the cave. Therefore 
they must belong to a period later than the glacial dispersion of 
the Snowdonian drift. Flint flakes and scrapers have been found in 

the cave ; and pieces of undressed flint certainly occur in 

the older beds (c), which would make it at any rate of not earlier 
date than the St. Asaph drift.” 

I have often worked in this cave since then, and added much to 
the collection and the evidence, but see no reason to depart from 
the conclusions at which we then arrived. I referred the bones to 
Professor Busk, who wrote to me as follows : — 

“ I have looked over the collection of bones and teeth from Pont- 
newydd cave, and find they belong to Hymna spelcpa^ Ursus spelcfiiis, 
U. ferox, Equus cnhalltis, Rhinoceros hemitcechus, Cervxis elaphus, 
C. capreolus, Canis lupus, C. vulpes, Meles iaxus. Homo sapiens, 
besides indeterminable or not easily determinable splinters, many of 

* Journ. Anthrop. Inat, vol. iii. 1874, p. 390 ; see also Brit. Assoc. Rep. 1881 
p. 700 ; Mackintosb, Quart. Journ. Geol, Soc. vol. xxxii. 1876. 
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which appear to be gnawed by Hysena or Wolf. Some are rather 
less infiltrated with manganese than the others, but all appear to be 
pretty nearly of the same antiquity, not excepting the human molar 
tooth, which looks quite as ancient as the rest. It is of very large 
size, and in this respect exceeds any with which I have compared it, 
except one or two from Australia or Tasmania.” 

Hero was a cave in which we could not only prove that the 
deposits wore postglacial, but even that they were later than the 
marine drift which we call the St. Asaph bods ; and in these cave- 
deposits were remains of man — a human molar and stone imple- 
ments of the oldest type yet recognized in the caves of the Vezere 
(see figs. 1-8, pi. ix.). These are all of felsite, except figs. 7 and 8, 
which are of chert and flint. It would be very curious if we else- 
where, in the same district, found a cave which contained the same 
or a newer group of animals and traces of man^s handiwork, and 
which yet turned out to be of Pliocene or Preglacial age. 

A similar investigation recently carried on in the caves near 
Tremeirchion has led Dr. Hicks* to a different conclusion from 
that at which I had arrived as to the age of the deposits. Dr. 
Hicks’s graphic descriptions, which have been recently laid before the 
Society, render it unnecessary for me now to do more than call 
attention to the points bearing immediately upon the age of the 
deposits in these caves. 

Inside, and more especially at the mouth of, most caves there is 
a breccia, consisting of angular fragments which have fallen from 
the rock while the cave was exposed to changes in the amount of 
moisture and in the temperature. Sometimes the mouth is blocked 
by a perfect barricade of large masses which have fallen from the 
face of the rock where most exposed. This was very conspicuous at 
Plas Heaton ; at Ffynnon Bcuno, however, the fragments were small. 
They are generally packed in cave-earth, some of which is the red 
earthy residuum of the decomposed limestone. In the Cae Gwyn 
cave, that is the upper cave of Ffynnon Bcuno, this limestone breccia 
contained a few bones ; and just within the upper mouth of the 
cave, under a projecting mass of rock which was removed with a 
view to making steps up to the surface of the ground outside, a 
flint flake was taken out from sandy clay in the interstices of the 
limestone breccia in which bones occurred. It was found under a 
mass of rock which nearly touched the floor and had to be removed 
to facilitate operations ; and the place where it lay was more like a 
side crevice in the limestone into which it had been washed or 
worked down than part of the regular cave -deposits. A similar 
deposit extended under the sandy drift with boulders, as far out as 
the excavation was carried. 

I do not dispute the genuineness of the flake, nor question its 
occurrence in the cave. The animals found with it belong to the 
same group as that which is elsewhere undoubtedly associated with 
palasolithic man, and it would be enough if glacial deposits could be 

* Nature, vol. xxxiv. 1886, p. 216 ; Proc. GeoL Assoc, vol. ix. 1886 ; Quart, 
Journ, Geol. Soc. vol. xlii. 1886, p. 3 ; Brit. Assoc. 1886, Bep. Sect, 
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proved to have sealed up a cave containing the remains found in the 
Ffynnon Beuno caves. 

But as a question of evidence, wo must remark in passing that 
the flake and bones outside the cave occurred just where the swallow- 
hole must have descended which fed the upper entrance to the upper 
cave before it was quite choked up. 

The real point of interest is this : — the north-west end of the cave 
was blocked by drift, and what appeared to be part of the ossiferous 
cave-deposit extended over the ledge outside the cave and was 
covered by the drift. What drift was this ? 

Referring to the table of the drifts, p. 73, I first explain that it 
cannot be the Arenig Drift, because it contains flint and north- 
country boulders. It cannot be earlier than the St. Asaph Drift, 
which is marine-postglacial, and contains no scratched stones except 
those derived from the preexisting boulder-clay. 

This settles the first and most important question. if the 

cave were sealed hy the St. Jisaph Drift.^ the deposits in it would not 
he preylacial. 

But can it be the undisturbed marine St. Asaph Drift ? I think 
not. I have shown that the marginal deposits of that age, where 
they can be observed, are sands and gravels, such as we might expect 
upon a rocky shore, and such as we see now being formed along the 
North Wales coast — such as are seen up the very same ravine near 
the limestone rock between Y Graig and Cae Gw5^n. 

The deposit outside the Cae Gwyn cave consists of fine sand with 
earthy patches and scattered boulders, of such a character and 
arranged in such a manner as would result from the working down 
the slope of surface-debris from the drift. 

The cave-deposits of Plas Heaton or Cae Gwyn ciinnot belong to 
the period of submergence ; for there is no great upsloiung bank of 
shingle, such as may be seen in an};^ cave reached by the tide ; nor 
would such a sea-cave have been the haunt of man or of the 
hyajna. 

It is quite impossible that whether during the occupation of the 
cave, or during a later submergence, the lashing waves on a rock- 
bound shore exposed to the north-west winds should not have swept 
away all loose debris into the fjord below. 

That is probably why we have not yet, and possibly may not in 
any such situation, find the cavc-deposits of the age just before the 
submergence. Such a cave as Cae Gwyn would have been swilled out, 
and the ledges in front of and around it swept quite clean by every 
tide, and the washed-out drift would have settled down in the 
depths below, beyond the reach of the wind-waves and shore- 
currents. 

If, then, the cave-deposits cannot have been formed before the 
submergence, because rocks first brought into the district during 
the submergence are found in the drift at the mouth of the cave, 
and debris from this drift is found in the cave, and if further, from 
the character and distribution of the cave-deposits, they cannot bo 
due to marine action during the submergence, it follows that they 
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must be referred to an age subsequent to the emergence ; but how much 
later there is nothing save the palceoutological evidence to show. 

There has been no glacial action in the vale since the age of the 
emergence, when the Talargoch gravels were formed, nothing but 
the denudation by rivers and, on the higher slopes, by rain and sub- 
aerial degradation. And even if we must assign the palaeolithic 
remains in the cave to the age of the deposit that blocks the mouth, 
there is no reason why there should not be bones in a cave of the 
age of the submergence. On the contrary, there is a great deal of 
evidence of more or less value pointing to the occurrence of bones 
in these and similar marine-drifts. (See Hughes, Proc. Soc. Nat. 
Sci. Chester, pt. 3, p. 31 ; Strahan, Mem. Geol. Surv. Expl. Quart. 
Sheet 79, N.W. p. 33. In the Hessle and Kelsea Bods, see Phillips 
and Prestwich and other references given below). There is often a 
difficulty in making out what the beds are from which bones have 
been recorded {e. g. Tindall, ‘ Geologist,^ vol. i. 1858, p. 493, vol. iii. 
1860, p. 119; Geol. Mag. vol. i. 1864, p. 142. In S. Stafford- 
shire, Jukes’s ‘ S. Staffordshire Coal-field,’ 1859, p. 207 ; in beds 
in which were also sea-shells, see Lister, op, cit. p. 162). An d 
if the drift that finally closed the mouth of the cave and overlapped 
the bones outside it is only the run-of-the-hill, we must remember 
that it is nothing new or unexpected that rainwash and limestone 
talus should contain the remains of paloDolithic man and other 
animals. On the slopes of Mont Saleve, south of Geneva, flint 
flakes were found in abundance in such talus, associated with bones 
of reindeer, &c. 

But if ever we come upon Prcglacial caves WQmay expect Pliocene 
animals ; and if we find caves belonging to an age anterior to the 
great submergence, it is probable that the animals whose remains 
are found in them will belong to an older group than those found 
in deposits later than the submergence. 

We have not, however, an older group in the Pfynnon Beuno 
cave. We find there the animals of the newer postglacial gravels 
of the south and east of Englana. We have E, q^rimigenius not 
E. antiquus, li, tichorhiniis not JR. megarhinvs, C. tarandus and 
C. megaceros not C. verticornis and C. EedgwicJcii. 

The list drawn up by Mr. Davies * is as follows ; — 

Bos or Bison. 

Cervijs giganteus. 

C. elapbus. 

C. capj*eoJus. 

O. tarandus. 

Kquu.s cabal Jus. 

Rhinoceros tichorhinus. 

JKlephas pri mi genius. 

(See : — Dawkins, ‘ Cave Hunting,’ ‘ Early Man in Britain,’ 1880, 

* Quart. Journ. Geol. Soc. vol. xlii. (188G) p. 17. 


Belie leo, var. spelaea. 

E. cutue t'erus. 

Hysena crocuta, var. speleea. 
Canis lupus. 

C- rulpes. 

Ursus, sp. 

Meles taxus. 

Sus scrofa. 
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Quart. Journ. Geol. Soc. vol. xxiii. p. 108, vol. xxiv. p. 515, vol. xxv. 
p. 213, vol. xxviii. 1872, p. 410; 8earles Wood, Quart, lourn. 
Geol. Soc. vol. xxiii. p. 394, Geol. Mag. vol. iii. j)p. 57, 99, 348, 
398, vol. ix. 1872.) 

If, then, the drift that hangs upon the slopes above Ffj’-nnon Beuno 
and chokes the mouth of the caves must be later than the emergence 
which left the Talargoch gravels, what can it be ? It is not a 
river-deposit. If the Vale of Clwyd was ever filled from side to 
side up to that level b}’’ the old western drift, that drift was cleared 
out during the submergence, and there is no reason for believing 
that the valley was ever so filled again. Thus there was nothing 
for rivers to have run upon at that high level. Its character and 


5. — View of Old Fence, Ffynnon Beuno, 



arrangement also prove that it is not alluvium or the torrent-debris 
of the ravine. 

In the Plus Heaton cave the mass of drift overlying the north end 
of the cave is very like the upper St. Asaph Drift, and is probably 
derived directly from it ; but in the case of Cae Gwyn cave I do 
not think this is the case. The material that I saw in the section 
close to the rock where the earth had fallen in did not appear to 
me to resemble any known section in the undisturbed St. Asaph 
Drift. It is quite unlike the great masses of red sand exposed here 
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and there in the Wheeler valley. There is nothing in the sections 
below the Mount or at Brynelwy at all resembling it. It is not 
like the drift of Wigfair Isaf or tlie variable deposits of Wigfair 
Uchaf, except in each case the obvious toj> few feet of rainwash. 
It is like the mixed mud and sand and gravel which we find every^- 
W'here overlying the St. Asaph Drift, crumbling down the hill- 
sides and conforming to the slope of the ground. There is no 
sorting of the material, as we should expect if currents ran along 
the rock-face or waves dashed against it ; but there is, here and 
there, an obscure and gentle false-bedding from the cliff as of 
rainwash creeping down the slope. 

All over the slope above Pfynnon Deuno the superficial deposits 
are creeping down the hill-sides, hanging on every ledge and 
catching on every obstacle. Any old fence proves how rax>idly this 
process is going on ; one such fence ran across the bottom of the 
field in which the northern end of the cave comes out, ijassing up 
to the edge of the precipice, about 16 feet from where the drift fell 
into the cave. 

There we see (fig. 5, from a photograph by Mr. A. D. Walker) 
that the “ head,” or travelling talus, has been banked up on the 
upper side of the hedge, so that there is a fall of some 8 feet from 
the field on the upper side of the fence to the natural level below it, 
which also has been lowered by the general working of the soil 
down the slope. In the sketch the stack of sods lies on the to]) of 
this old fence ; the tree grows out of the side of it. This super- 
ficial talus is the upper part of what has been dug through at 
the upper mouth of the cave, beyond the two persons si ending by 
the rails, yet it has not been distinguished as different from tliat 
which has by some been taken as pai’t of the main mass of the 
drift : and rightly so, I think. It is all a reman ic material. 

If, after an inspection of the ground, auy doubt remained as tt> 
the recent age of some, at any rale, of the material which covered the 
northern mouth of the cave, and which has been by some all 
equally referred to glacial drift, a more car(.'ful inspection of the 
glaciated stones out of the mass sh uld dispel it. There were 
plenty of glaciated stones, such as may be found everywliere along 
the flank of the hill ; but some of these, in addition to tlie more or 
less well-preserved glacial striuc, carried the deep, rough, irrcgidar 
grooves of agricultural implements. The tilled soil and the rain- 
wash rapidly accumulate on ledges and against fences on the steep 
slopes of the Clwydian range. Similar terraces may be seen close 
by in the second and third field above the road cast of Brynbella. 

The absence of shells in any of these deposits, so far as negative 
evidence is of any value, may be explained on the supj)osition that the 
beds have been much modified, if not transported some distance down 
hill, by subaerial action, fragments of shells are found not uncom- 
monly in the St. Asaph Drift, along the rivers Clwyd and Elwy, 
but not in the deposits about the Efynnon Beuno caves. Moreover, 
the surface of the limestone fragments was decomposed in the 
drift outside the cave, leaving the less soluble bands sticking out 
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ill sharp relief and showing a chemically fretted surface, not such 
as is soon on stones rolled in a current, though common on those 
found travelling in rainwash. This proof of the action of aci- 
dulated water makes it jirobahle that, had there been shells in 
that drift, they would have perished altogether, leaving no trace. 

The surface of the solid rock over and round the mouth of the 
cave was similarly weathered, and the deep undercut ledges are such 
as are commonly found along all cliffs of the Mountain Limestone 
when exposed to chemical and ordinary subaerial weathering, and not 
rounded off by breakers or by ice-action. There was no trace of 
smoothing by ice. 

The scratched stones from the west prove nothing. There can 
have been no man or hyaena there when the ice-sheet from Snowdon 
and Arenig carried morainic matter across the Vale of Clwyd. 

There are no scratched stones among the rocks peculiar to the 
drift of the submergence. All the glaciated stones in that are 
derivative ; they are washed from old Areuig and Snowdonian 
drift into the St. Asaph Drift and into the rainwash, and are 
being handed on still. On the coast at the pi esent time they are 
seen, still retaining their striations, some distance from the drift 
from which they have been derived. 

We must remember, too, that the drift blocked only one end 
of the caves of Plas Heaton and Cae Gwyn, so that there is no 
difficulty about the niauner of occurrence of any of the objects 
except those in and under the drift at the upper entrance in each 
case. 


Part VII. 

Conclusion, 

To sum up, I offer the following tentative classification of the 
principal drifts of the Vale of Clwyd. I place the Talargoch gravels 
above the St. Asaph clay and sands. The surface of the ground 
at Talargoch is at a considerably higher level than St. Asaph, and 
mining-operations have proved the gravels to extend to a much 
gi’cater depth than the level of the river below St. Asaph ; but the 
central jjarts of a submerged valley would not receive such rapid 
additions from the denudation of the surrounding area as would 
gather along the shore. If we ever recognize the equivalents of 
the Talargoch gravel near St. Asaph it wiU probably be, as sug- 
gested above, in the iq)i>er gravel and sand of the section south of 
Brynelwy. 


a.J.G.S. No. 169. 
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There have been many previous attempts to prove the occurrence 
of remains of Man in Miocene, Pliocene, and Glacial bods ; and 
before this it has been contended that certain cave-deposits were of 
preglacial age, because a mass of clay with boulders blocked the 
mouth — for instance, in the Victoria Cave near Settle, where a 
largo group of animals, such as occur elsewhere along with Man, 
wore found in beds overlapped by boulder-clay which had scaled up 
the mouth of the cave. It was at one time supposed, from wrong 
determination of a very obscure fragment, that a fibula of Man 
himself had been found among them ; and well there might have 
been, for they were x>ala)olithic animals. I organized the committee 
for tlic cx]doration of this cave, and watched the excavation at 
intervals from its commencement, so T had every opportunity of 
forming an opinion as to the ago and mode of formation of the 
deposits ; and “ I hold that as the cliff fell ])ack ]>y wef- or frost, and 
limestone fragments fell over the c.ave-mouth, with ihom also came 
masses of clay, which sinc(^ the glacial times had laid in hollows in 
the rock above. We dug and found such there, and, more, I 
observed that the clay lay across the mouth, as though it had thus 
fallen, and not as if it came direct from glacial ice that/ puslicd its 
way atliwart the crag in which the cave occurs. It seemed to have 
fallen ohli(piely from the side where the fissured rock more readily 
yiohh^d to a.tmos])horic waste, so that it somewhat overlay the part 
immediately above the cave. On tlie inside the muddy water which 
collected after Hood, held back by all this clay, filled every crevice 
and the intervals between the fallen limestone rock, while still 
outside was the open talus of angular fragments known as screes 

Matatis mvtdudi.^, we have the same story over again at Ffynnon 
Bemio. 

Man followed hard on the receding glaciers ; but before the ice 
filled our valleys there is as yet no evidence that Man had visited 
the north-western part of Europe or our island, if it was an island 
then. 

I do not for a moment deny the possibility or even probability 
of our some day finding a cave which wa,.s formed ])cforo the great 
St.-Asaph-drift submergence, or even before the Great Snowdonian 
ice rode over the Vale of Olwyd on to the Cheshire plains ; but such 
caves ^\'ill he few, and their ago hard to prove, for many will have 
been altogether destroyed by denudation, or will have got swilled 
out by marine and subacrial currents, and no trace of their first 
inhabitants will have been left. Tlio question is one of such groat 
interest/ that wo are justified iu asking for very clear evidence in 
each casein which it is stated that human remains of great autiquity 
have been found in caves. 


* Victoria Inst., March 1870, 
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EXPLANATION OF PLATE IX. 

On Plate IX. are figured, natural size, the principal tj'iDeg of implements found 
in Pontnewydd Cave. Nos. 1 to 6 are made of a greenish-grey felstone, pro- 
bably a fine compact ash ; no. 7 is of a black chorty material ; no. 8 is ot fiint, 
weathered a yellowish white. 

Figs. 1, 1 «. A roughly pointed, wedge-shaped, felstone implement on which, at 
the broader end, a large piece of the original surface of the stone 
remains, showing that it was manufactured from a drift specimen 
and not from rock in place. 

2, 2 a. An oval, double wedge-shaped felstone iinplomont, resembling a 

form I have obtained from the cave of Le Moiistier, but more 
common in ihe river-drifts. 

3, 3 a. Ariother of the same type as No. 1. 

4. A subquadrate, fiat, felstone instrument, approaching the common Le 

Moustier form. One end of this specimen is covered with travertine. 

5. A quadrate, flat,, felstone implement, of a ('0111111011 Le Moustier ty}ie. 

The corners appear to have been used rather than tlic edge's. One 
part of this specimen shows the original surface ol‘a drift stone. 

G. A rough felstone scraper ; the side not shown in the figure is nearly 
flat. 

7, 7 «. A flake of black cherty rock, might, be a Carboniferous elKjrt. 

8, 8 A curved scra])er-flako of flint, sliowing tlie bulb of ])ercussion 

and weathered to a yollowisli-wliit e colour. 


Discu.ssion. 

Dr. Hiotcs said he was entirely unbiassed when he commenced his 
explorations in the cavcrn.s referred to, and would ghidly have agr(‘ed 
with Prof, ir.nglies’s views concerning tlie caverns in the Yale of 
Clwyd if that had been iiossible. Ho bad, liowever, found that all 
the facts were entirely opposed to the views advocated Prof. 
Hughes, and consequently he was niiAvillingly compelled to dis- 
agree with the conclusions arrived at Iiy him. Tlu^ facts were per- 
fectly clear and liad been aecepted by every onr; wlio had \dsitod the 
caverns, except by Prof. Hughes. The latter did not sec the section 
at the Cae (Iwyn cave until it was almost entirely ohist'dup ; and he 
had also confounded the mixed male ial jdaced against the femte by 
the men in the earlier explorations, as was evident from the dia- 
grams exhibited, with the undisturbed drift, and had based some of 
his arguments on this mistake and 071 an ice-scratched boulder on 
which there was the clearest evidence of ils having been recently 
struck b)' a workman’s pick. 1'ho fence- ajgnment was valueless in 
any case, as it could only affect the suif ace-deposits and not those 
shown by the sjieaker to block up the entrance at a depth of 
20 feet. 

The Arenig Drift is not necessarily the oldest, in places it may even 
be the newest, and it is known from well-sinkings to be underlain by 
sands and gravels like those at 'J alargoch, in which bones of animals 
similar to those found in tlie caverns were discovered. The speaker 
cited evidence from numerous areas to prove that the oldest drift 
contained northern erratics, and said that no hard-and-fast lines 
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could be made out in the drift of this area. Prof. Hughes’s Clwydian 
or St. Asaph Drift must certainly be considered the newest, as it is 
mainly remanie. It is situated at a low level between the im- 
portant rivers Elwy and Clwyd. The high-level drift at Cae Gwyn 
is a true undisturbed glacial deposit full of ice-scratched boulders, 
and may be correlated with the deposits mentioned by Mr. Strahan, 
in his Geological Survey Memoir, as occurring at so many points 
at a high level in this area. The palaeontological evidence shows 
that the caverns contained a large proportion of the animals found 
in the Norfolk Porcst-bed, which Prof. Hughes admits to bo pre- 
glacial. The absence of other forms would only show that they 
had probably not migrated into this area, hence this cannot be relied 
upon as evidence of dificrence in age. 

T)r. Hicks was perfectly convinced by the evidence found during 
the explorations that the caverns of Pfynnon Beuno and Cae Gwyn 
(the other caverns referred to by Prof. Hughes are nearer the 
great rivers and at a much lower level, therefore the evidence ob- 
tained from them is of much less value) must have been occupied 
by man and the animals before the climax of the ice age. Also 
that the thick stalagmite was formed during the ice age, that this 
was broken up by marine action during the submergence, and that 
the caverns were afterwards completely covered over by materials 
deposited from floating ice. The mammalian remains and the im- 
plements, he therefore maintained, must he considered as of pre- 
glacial age. 

Dr. J. Evans spoke on the difficulty of reconciling the views of 
the two geologists who had spoken ; perhaps both wore right in part. 
He pointed out that a valley must have been cut when the upper end 
of the Cae Gwyn cavern was opened. In a case in Norfolk of sujj- 
posod prcglacial implements, the Bonlder-clay beneath which they 
were found proved to he a rcraanid deposit. 

If the cave wore prcglacial, either the glacial age in Wales was 
distinct from that in the east of England, or Man went away and 
returned again. The implement from Cae Gwyn resembles those 
of the upper dei)osits of Kent’s Cavern. Now some of the imple- 
ments in the east of England are made of stones brought into the 
district by ice of the glacial period. We have also evidence that 
Bias Newydd cave is postglacial. It is improbable tliat similar 
implements arc iircglacuil in Wales and postglacial in the south of 
England. 

Prof. Boti) Dawkins said that he had examined much of the 
drifts of Wales and Lancashire, and doubted if those of the Yale of 
Clwyd could bo distinguished from each other as clearly as Prof. 
Hughes contended. The interest attaching to the cave depends on the 
light which it throws on the relation of Palieolithic man to the 
Glacial period. After examining the fresh section he felt obliged 
to accept Dr. Hicks’s evidence. The drift above the place where 
the implement was found was, in his opinion, not remanie, but in 
situ. The fact that Palscolithic implements occurred in Postglacial 
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deposits ill other caves in the neighbourhood did not prove that th(‘y 
are of Postglacial age in this cavern, because there is evidence ;it 
Crayford, in Kent, that the river-drift man was Preglaelal in the 
valley of the Thames. Palocolithie implements an; found over a 
wide area in the Old AYorld — in the south of Euro]>e and north of 
Africa, in Egypt, Palestine, and in India ; and tlieir distributioji 
can only be accounted for by the river-drift man having lived for 
a long series of ages on the earth, long enough, indeed, to be pro- as 
W'ell as postglacial. 

With regard to the Mammalia found in tlio cjives of the Vale of 
Clwyd, nearly all were living in the eastern counties in the ])re- 
glacial age. There is clear proof (1) that the Pleistocene Mammalia 
invaded Europe in the preglacial age; (2) thet they were driven 
awa}" from the British area by the results of the lowcning of the 
temperature and of the depression of the land; and (2) that they 
returned and occupied the British area after the retreat of the ice and 
the re-elevation of the land. They therefore atford no evidence as 
to the relation of the deposit in which they arc found to the Glacial 
period. 

Mr. Drew asked Dr. Hicks at what depth (behind the fence) did 
the solid rock occur beneath the place whore there was now material 
tipped by the worl: men. 

Dr. Hicks, in reply to Mr. Drew, said that the shaft exi^osing the 
drift-section was at the furthest end of the caverii from the old 
fence. 

Prof. Oarvill T/Ewis regretted not having seen the cave itself, 
though ho had examined the gbjcial deposits of the neighbourhood 
and of North Wales generally. He was glad to henr that the views 
of the speakers this evening wore in favour of a Bim]diiication of 
glacial phenomena. From a study of glacial de}>osits in many 
]mrts of Great Britain and Ireland,* lie liad been led to believe that 
there had been only one ad\ 'icc of the ice and one retr(;at, one 
slight elevation and one slight submergence, and that the submer- 
gence in the non-glaciated area was contemporaneous with the 
maximum extension of the icc in the glaciated area. There were 
throe main areas of local glacial dispersion in Wales, the glaciers 
from each of these being di'finod by terminal moraines. But there 
was also satisfactory o%idoiice that an icc-lobc coming from Scotland 
and filling the Irish Soa had imx)iiigcd njion the extreme northern 
border of Wales, and passing over Anglesey and along the Avest side 
of the Snowdonian mountains on the one side, and into (dieshiro and 
along the east of the mountains on the otlior side, had pushed its 
terminal moraine against tin* highlands and in the teeth of the 
opposing local glaciers. The latter Averc both earlier and later than 
the northern ico-lobe, and the tAvo drifts were therefore often com- 
mingled. The line dividing the northern icc-lobc from the Snow- 
donian glaciers was close to the cave under discussion, and the 
massive deposits near Ht. Asapli Avere probably waslicd out of the 
common terminal moraine. The undouht<*d marine deposits, full of 
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bholls, which co^'e^ the lowlands of Lancashire up to 150 feet above 
the sea, also extended up the Vale of Clwyd to the same level ; but 
much of the stratified material in this valley was lemanie. Tor- 
rential freshwater action operating during the melting of the ice is 
an important factor not to be omitted in studying valley- gravel. 
Many t(UTace-dei) 08 its supposed to be marine are of freshwater 
origin and of late glacial age. 

The PuEsinuN r insisted on the importance of carefully w^eighing 
the evidence adduced by the Authoi-, setdiig to vdiat an enormous 
extent it was X)ro])OS(‘d to carry back the date of Man’s appearance 
on the earth. All tliosiJ who had visited the open section seem to 
have regarded Dr. Hicks’s views as, at all events, tenable. 

Prof. If uciijiis explained that thc^ old hedge to which he referred 
was that shown in the sketch and x>hotographs which he exhibited 
(it was about lb feet from the ojiening in the drift above the upper 
entrance), and that no material from the cave had been thrown by 
the wmrkmeii over the i)art opxiositc the uxiper entrance. The 
scratched boulder x>roducod, with the marks of agricultural imxile- 
ments, was one of many out of the drift dug from before the mouth 
of the cave, and was the one given him by Mr. Luxmoore as a 
typical specimen of the boulders in the drift. Pontnewydd and 
Flas Heaton caves could hardly be said by any one acquainted with 
the district to be at a low level near the great rivers. He would 
refer to his for the e'VT.denco in favour of his classification of 

the drifts, merely x>ointing out the difficulty of accepting Dr. Hicks’s 
correction that tlie Arenig Drift is not necessarily the oldest, though 
he allows that the fcSt. Asaxih Drift must certainly bo the newest. 

He did not understand Prof. Dawkins’s suggestion that Man could 
have lived through many glacial xBases, if he was speaking of the 
district under consideration. AVhen the Arenig ice covered eveiy- 
thing, Man cannot have been there. Ho was not discussing the 
question whether Man may have been in existence anywdiere on the 
earth while glacial conditions x^rcvailcd in ^Vales, but onl}' whether 
there was evidence that the cavc-dcx)osits of the V.ale of Clwyd were 
preglacial or a little later or much later. He had shown that, 
according to the best authorities, there an .'is an earlier and a later 
Pleistocene groiq) of mammals, and had ])ointed out that the animals 
in the Pfyiinon Deuno caves belonged to the nev er. 

In rox)ly to the President’s remark, he regretted that Dr. Hicks 
should, after his attention had been more than once called to the 
inaccuracy of the statement, have again eudeavour<id to throw dis- 
credit upon liis evidence oii the gmund that he had not had opxior- 
tunities of examining the sections. Dr. Hicks had no means of 
knowing how often he had visited the locality, hut had had the 
means of knowing from a x>rinted reiiort that he (Professor Hughes) 
had examined the caves, and x>rox>osed to exx>lore them about a year 
before Dr. Hicks is sux^x^osed to have discovered them. Professor 
Hughes’s home was close by ; he had frequently visited the caves, 
and had on several occasions examined the drift that abutted against 
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tihe rock in the section referred to by Dr. Hicks from the bared 
limestone at the base to the surface. He could assure the President 
that he had not brought the matter before the Society without 
taking pains to 'make himself thoroughly acquainted with the facts 
of the case. 

He was glad to have the concurrence of Prof. Carvill Lewis in 
the views he had put forward with regard to the sequence of events 
in Glacial times in Wales. 
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8. On the BEN'rmoN and AFPi 2 ?mBs of {he Selaohiait 

pTYOHODxrs, Agassiz, By A. Smith Woodwabd, Esq., P.G.8,, of 
the British Museum (Natural History). (Read December 15, 
1886.) 

[Plate X.] 

Notwithstanbing the abundance of the well-known teeth of Pty-- 
chodus in the Chalk of many localities, and the long list of specific 
forms that have already been recognized, very little information has 
hitherto been published in regard to the precise affinities of the fish 
to which they originally appertained. 8o rarely, indeed, are any 
of the teeth found associated in natural sequence, that it has been 
necessary to await the results of many years’ patient collecting 
before being able to pronounce a decided opinion ; but materials are 
now forthcoming for at least one further step in the determination 
of their relationships, and 1 therefore venture to offer to the Geolo- 
gical Society some account of the accumulated evidence. 

Since these interesting fossils first became the subject of scientific 
study, it has been almost the universal custom, as is well known, 
to refer the genus to the somewhat comprehensive “ family ” of Ces- 
traciontidie. An early determination of Man tell it is true, resulted 
in the suggestion that they formed the dental armature of fishes 
allied to the Teleostean Diodons ; but the elaborate researches of 
Agassiz t, supported by Owen's simultaneous investigation of their 
microscopical structure J, have always been cited as ample proof 
of the affinity of their original possessor with the Cestraciont Sharks ; 
and the deeply rooted tendency among palscontologists to refer every 
isolated crushing-tooth to the same extraordinary group has also 
contributed to the adojjtion of this arrangement without serious 
question. 

But the original observations from which the inferences as to the 
systematic position of l*tt/ch<)diis were deduced are obviouslj^ of a 
very uncertain and inconclusive character. In the absence of any 
but scattered remains Agassiz was compelled to make use of sug- 
gestive appearances and probabilities rather than well-ascertained 
facts; and in framing his conclusions he particularly emphasized 
at least two of these leading ])ointB. In the first place, certain 
groups of teeth seemed to be so arranged that the smaller and more 
prehensile examples occupied an anterior position, while the more 
truly grinding-teeth were scattered posteriorly, thus indicating 
a disposition analogous to that of the living Cestracion ; while, 
secondlj^ there wei*e good reasons for suspecting that a number of 

* Q. A. Mantell, ‘Fossils of the South Downs,’ 1822, p. 281. 

t Jj. Agassiz, ‘ l^herches eur les Poissons Fossiles,’ vol. iii. pp. 56-69, 
150-168, 162. 

f E.. Owen, “ On the Structure of Teeth,” Brit. Assoc. Hep. 1838, Trans. 
Sect. p. 140 ; and ‘ Odontography,’ pp. 67-69, pis. xviii., xix. 

Q.J.G.S. No. 170. 
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CTiriouB Ichthyodorulites ” also armed the dorsal fins of the same 
fish. 

Owen’s further evidence in a similar direction consisted in the 
remarkable resemblance between the medullary tubes traversing the 
dentine of the teeth and those to be observed in the teeth of Ces- 
tracion and Acrodus ; and in this particular it became obvious that 
there was a marked divergence from the dentinal structure of 
Rhynchobatus {lihina) with which the peculiarities of mere 
external form suggested comparison. 

The latter 8Uj)erficial resemblance has frequently been noted by 
subsequent writers and Dixon has even remarked J upon the 
possibility of tlie gonns Rhy ncJiohattis affording some clue to the 
arrangement of the fossil tectli in the jaws. Tint until eleven years 
ago the three fundamental arguments of Agassiz and Owen remained 
unshaken, and it is only within this later period that comparatively 
satisfactory materials for study ha\ c been forthcoming. Professor 
E. D. Cope was the first, in 1875 §, to show that the supposed dorsal 
spines of PtycJwdas were really the jiaired fins of Telcostoan fishes, 
having discovered much more complete specimens in the Cretaceous 
beds of the Western Territory of Kansas. And last year, in the 
jjagos of ‘ Science Gossip’ [[, I was able to demonstrate briefly that 
the fossils upon which Agassiz based his conclusions as to the 
arrangement of the dental armature were likewise misleading, and 
that there was not the slightest agreement with the Cestraciont 
plan. 

As regards microscopical structure, it seems possible to draw con- 
clusions from Owen’s observed facts somewhat difierent from the 
original inferences still generally accepted. And it is with a dis- 
cussion of the two latter questions, especially the first named, that 
the present communication is particularly concerned. 

In the prosecution of such an inquiry the fossils in the National 
Collection afford several important fragments of evidence, and of 
these it is proposed to offer some detailed descri})tion8. But the 
most beautiful and instructive specimen that 1 have the honour of 
bringing before the notice of the Society forms one of the fine series 
of Cretaceous fossils in the Brighton Museum, collected by Henry 
Willett, EH<j., E.G.S. To the latter gentleman I owe my best thanks 
for the op])urtunity of studying it in J^ondon and of utilizing it in 
the present investigation ; and 1 have also to acknowledge much 
kind help from Edward Crane, Esq,, F.G.H., Chairman of the 
Brighton Museum Committee, who first pointed out to me the fossil 
last spring. 

^ R. Owen, ‘ Odontograpliy,’ pp. 44-4<>, pL xxiv. 

t e.y. Pictet (‘ PaUontologic,’ 2nd edit. 1854, voi. ii. p. 2()r)) and Queustedt 
(‘Handb. dor Petrefaktonkuiidc/ 1st edit. 1852, p. 181), 

X P'. Dixon, ‘Geology and P'ossils of Sussex,’ 1850, p. 301 ; 2nd edit., 1878, 
p. 390. 

§ E. D. Cope, “ Vertebrata of the Cretaceous Formations of the West ” (U. 
S. Geol. Surv. Terr., 1875), pp. 244 a-f. 

|( Smith Woodward, “ Chapters on Fossil Sharks ancl Rays.— IV.,” ‘ Science 
Gossip,’ vol. xxi. 1885, p. 109. 
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Descriptions of Specimens. 

The detached teeth of Ptycliodus are so familiar and have been so 
frequently figured, that nothing remains to be added to the pub- 
lished descriptions of tlnar general form. Eiit it will be convenient 
to anticipate slightly b}' referrijig to their original rc'bxtiuny in the 
jaw. Each tooth was so placed that the large characteristic ridges 
and furrows had a trausveise direction, while the ]>ordors parallel to 
these were cora]detely anterior and posterior. Juilging froiu the 
analogy of several recent Selachians to which tlie goiiiis is most 
nearly allied, the somewhat excavated and abrupt boundary of the 
crown was ]}ostorior, while the more gently ,slo]>ing and overhanging 
border formed the front ; this is the int(‘rprctation adopted here, and 
in all our figures the antei'ior border is directed do^viiwai ds. 

On examining the associated groups of teeth, it at once becomes 
evident that they were arranged in the month on two distiiiet, but 
yet closely similar plans. The first type, of Avhich 1 have already 
published a sufficiently accurate diagrammatic skcf-ch {loc. cit.), is 
admirably elucidated by the fossils in the Erit ish Museum ; and 
the second is equally \vell shown in Mr. Willett’s 8i>ecimen, which, 
moreover, demonstrates that the two arrangements were opX)osod to 
each other in the deutiiioii of the same individual. 

I. All interesting forerunner of the fossils revealing the first of 
these phins is a small cxamxde of I\ dccurrens, figured many years 
ago ill Dixon’s ‘ (Jeology of Sussex ’ (plate xxxii. fig. 5); but this is 
scarcely coinxilete enough to give any satisfactoiy duo to the entire 
armature of which it formed a part. Only nine teeth are shown, 
though these indicait} jiortious of no less than four parallel rows, 
one represented by three comxionents, and the remainder exhibiting 
but two. There is evidence of one series coiufiosed of relatively 
largo teeth, and the rows immediately adjoining ttiis on either side 
are so completely alike in (jharacter and dimensions as to apjiear 
quite symmetrically disposed in regard to it; while a stiU more 
diminutive scries alone remains to the left. 

II. Eut the sxiecimeii of greatest interest in this respect still re- 

mains undescrihed, and is shown of the natural size in El. X. tig. 1, 
Its precise locality is unknown, and there is some difficulty in its 
specific determination ; hut it is evidently a close ally of P. deciirrensy 
even if not a variety of that form. Tfiirty-four teeth have been 
disengaged from the surrounding chalky matrix, and of these no 
less than twenty-three are shown in their natural order. There are 
remains of six jjarallel series, and the general ax)X)earance of the 
sijecimcn is at once suggestive of S 3 ’mmctry about the row of largest 
teeth, which would thus he median when the dentition was com- 
plete. This series (o) is represented five of its components, 

and it is noteworthy" that there is scarcely- any^ variation in size as 
they are followed from behind forwards ; all, indeed, have api)roxi- 
mately the breadth of 0’021 m., and the length of 0 016 m.* The 
series (j) immediately to the left of the median row is likewise 

* All the measurements are given in decimal fractions of a metre. 
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represented by five teeth, but of its homologue to the right only 
four remain. These teeth also vary but little in size, and their 
average measurements are 0*013 in a transverse direction, and 0*01 
autero-posteriorly. They are not adjusted to the edges of the inter- 
posed large teeth with any marked regularity, having no definite 
relation to the interspaces ; but each example apijcars to he slightly 
adapted in shajie to fit whatever position it occupies. A second 
lateral row ( 2 ), similarly adapted to the outer border of the first, is 
indicated by six of its components to the left and by two to the 
right ; tlicsc are still smaller in size than the others, measuring 
only 0*01 by 0*009 on the left, though the two corresponding teeth 
situated more posteriorly on the right are a millimetre longer, and 
thus square. A still smaller and somewhat oblique series (;5), forming 
a third lateral row, is reijresented to the right bj" a single tooth, the 
dimensions of which are only 0*008 by 0*008. 

This specimen affords an excellent opportunity of observing the 
character of the surface-ornamentation of the teeth in different parts 
of the mouth, and entirely confirms the conclusions of Agassiz based 
upon scattered groups. There is no variation of importance, and 
such as would lead to the establishment of more than one species if 
the teeth w*erc found detached ; and, except in size, the lateral teeth 
only differ from the median in being slightly flatter, and, in a few 
cases, somewhat oblique. 

III. Another fossil in the British ^Museum that may perhaps be 
refeiTed to the same jaw as the preceding, though quite as probably 
belonging to the opi)Osing dentition, is also of cousidcrablo import- 
ance, and is shown of the natural size in PI. X. fig. 2. This is an un- 
doubted example of 7^. decurrens, obtained from ihc Chalk of Dorking, 
and forms part of the late Dr. Bow^erbank’s collection (B. M., no. 
39134). Twenty-one teeth are preserved in their natural relations, 
and these are the representatives of six parallel rows. The largest 
series, to the extreme right, is only indicated by a single one of its 
components ; but of the second row" there arc three ; of the third, 
six ; of the fourth, six and the im]>ressiorj of a seventh ; of the fifth, 
three; of the sixth, two; and on the back of the fossil there are 
several scattered examifles of a seventh row (fig. 2, 7 ). In each of 
these rows there is exceedingly small variation in size, and the 
maximum transverse and longitudinal measurements are as follow ; — 

Series. Traiisver&o Measure. Aiitero-posterior Measure. 


1 

0*023 

0*017 


0*015 

0*012 


0*011 

0*009 

4 

0*009 

0-007, 

5 

0*008 

O-OOG 

6 

0*00(i 

0-005 

7 

0*005 

0-004 


The teeth are slightly more displaced than in specimen No. II. ; 
but the irregular manner in which the components of one scries are 
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adapted to tlie next is again very evident, and there is the same 
slight accommodative variability in shape. The superficial ornamen- 
tation is also equally constant ; but there is a greater tendency to 
obliquity in all the teeth, this becoming observable even in series 
no. 2, and especially marked in the rows beyond. 

lY. A small example (fig. 3) of the same species from the Lower 
Chalk of Hailing, Kent, affords the first definite indication of the 
second plan of arrangement already referred to. Only nine teeth 
arc shown in their natural relative positions, forming parts of three 
parallel rows ; but in the absence of further evidence, the remarkable 
want of symmetry is a most perplexing characteristic. The middle 
series, represented by four of its components, is considerably the 
largest ; but in the two adjacent rows the teeth of the one side are 
notably smaller than those of the other, as shown by the following 
average dimensions ; — 


Series. Transverse Measure. Antoro-posterior Measure. 

0 0*006 0*005 

1 0*014 0*010 

2 0*010 0*007 


It is also noteworthy that iii the smallest teeth the peculiarities 
of the grinding-surface are somewhat abnormal, the peripheral 
granulated area encroaching to such an extent upon the transversely 
furrowed portion that the latter becomes quite inconspicuous. 

Y. But a comijlete explanation of this specimen is afforded by 
Mr. Willett's magnificent fossil from the Chalk of Brighton (PI. X. 
figs. 4—10). Like most of the other compai alively undisturbed re- 
mains, it is referable to the common decarrens^ and no less than 
thirty-four teeth arc firmly cemented together in their natural rela- 
tions by slightly erystalline pyrites ; while seventy others were 
originally associated with this mass, though now detached in small 
groups and isolated specimens. 

Of the jaw already described, only seven teeth are cemented in the 
main mass, and these belong to the median and the first left lateral 
row ; but of the opposing jaw, hitherto entirely unknown, there are 
satisfactory remains of six longitudinal scries, and certain detached 
fragments afford evidence of still more. Here, again, there is com- 
plete symmetry around a median azygous row ; and in describing the 
arrangement it will obviously be necessary to use the terms right 
and left in the opposite sense to that already employed in reference 
to fig. 1. 

The median series is scarcely visible on the grinding- surface, only 
a portion of one tooth projecting through the hard pyrites ; but evi- 
dence of its i^resence is afforded by the distinct abrasion of the sum- 
mits of the opx)osing teeth, and one of its components is exposed on 
the back of the fossil, while two others are shown in a detached 
fragment. These teeth (fig. 5) are comparatively small, elongated 
antero-jjosteriorly, and, like those of the most diminutive row in 
specimen 'No. lY., are somewhat abnormal from the circumstance 
that the granulated ornament considerably encroaches upon the 
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iilBdiiua w?«a usually occupied by transverse ridges and furrows* 
IBaOb tooth is narrowed in front, the blunt anterior end fitting into 
the slightly forked and broadened posterior end of its predecessor, 
and the root is extraordinarily deep. 

In the series (fig. 4, i) immediately adjoining this median row on 
either side are arranged the largest teeth of the jaw, measuring as 
much as 0*025 in a transverse direction, by O’OlO antoro-posteriorly. 
Those (fig. 6) are quite of the normal type, rectangular, not much 
elevated, and approximate!}’' equal in size, so far as is indicated by 
the ten examples preserved. 

The second lateral row (fig. 4, 2 ) is represented on the left by 
seven of its components, and on the right by four. These teeth 
only attain the average dimensions of 0*010 transversely, by 0*01il 
longitudinally, and there is little trace of obliquity : but a third and 
much smaller series, of which four teeth remain on the left (:0, begin 
to exhibit a slightly rhomhoidal form, and in thoir fossilized state 
are directed somewhat backwards. The latter have an average 
measiiroment of 0*012 hv 0*01, and, like all the others ol this jaw, 
do not exhibit any distin(tt traces of wearing. 

The main mass does not afford evidence of further lateral rows, 
though some are evidently broken ay'ay from oacli side. Ihit a 
detached fragment of the fossil (fig. 7) shows thrt‘c exani])les of the 
right row no. <‘3, flardvod outside with three members of a fourth 
scries, which are again smaller and measure only <»'0| by 0 * 007 . 
These teeth are very oblique, and seem to have been followed by at 
least one, and probably more outer rows, though no certain proof 
is forthcoming. 

Of the 0]jj)().sing ja^y, as already stated, only seven teeth are pre- 
served in their original positions, five of those re])resenting the 
median series, and the remaining two belonging io the first, lateral 
row on the left. A detached median tooth (hg. S) also seems to tit 
in a hollow in the main mass, and this, being divested of all adlierent 
pyrites, may be described as a very tyqncal example. It is rather 
larger than the largest in the other jaw (fig. (>), and more trans- 
versely elongated : and the crown of the tooth has a remarkably 
conical form, in conseipience of the depth of the groove into which 
it is adapted to fit when biting. It measures 0*0;^32 transversely, 
by 0*02 longitudinally, and the other corres])oiiding teeth with worn 
summits are of approximately the same dimensions ; hut two asso- 
ciated examples, evidently just devclojied and never functional, are 
of somewhat greater size, having a breadth of 0*030 and a length 
of 0*023. 

The grinding-surfaces of the two lateral teeth m situ are obscured 
by contact with the cementing pyritous matrix ; hut there are several 
loose specimens, and one is shown from two points of view in fig, 9. 
The dimensions are considerably reduced, averaging only 0*02(5 by 
0*015 : but there is the same transverse elongation, and the crown 
is likewise much tdevated. It is also noteworthy that the examples 
showing most <?vident traces of wearing have a transverse measure- 
ment as much as four millimetres less than that of the newly 
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developed teeth, of the same series, and there is a corresponding 
diminution in length* 

Remains of a second lateral row are preserved in contact with a 
detached series of the left row no. 1 (fig. 10), and these are, again, 
smaller (measuring 0*016 by‘ 0*012) ; but it is not possible to distin- 
guish with certainty any of the teeth originally placed beyond. 

Exactly as in the previous specimens — and as is to be observed 
in all associated groups of Ptychodont teeth — there is no remarkable 
variation in the ornament of the grinding-surface in different parts 
of the jaw (except in the small median row), and it is interesting to 
be able to determine that there is no difference in this respect between 
the upper teeth and the lower. 

Mr. Willett’s specimen also supports the conclusion, based upon 
the National fossils, that there is no regularity in the plan by which 
one row of teeth is adjusted to the next, and offers many good 
examples of the slight adaptive variability in shape. But there is 
one interesting fact in regard to this adaptation which is not so 
clearly demonstrated in the majority of specimens, and whicli is worthy 
of a passing note, since it affords a method of readily distinguishing 
lefts” from “rights.” The outer edge of every lateral tooth is 
more or less regular, being almost straight, and terminating anteriorly 
and ])osteriorly in a gentle rounded angle, while nearly all the 
modifications requisite to ensure the continuity of the deijtal arma- 
ture arc provided by the variable inner edge. In very manj^ cases 
the posterior inner angle is produced considerably backwards {e, g, 
fig. 9) ; but neither this nor the other adapl;ations a])pear to affect 
the extent of the transversely ridged median area. 

A further point of interest in the Brighton fossil consists in the 
well-marked character of the ]>rossiire-scars, produced — like those 
in tho tooth of Proboscidian Mammals — by the forward progress of 
the dentition during growth. They occur as small i)olished patches, 
exposing in section tho minute medullary canals with which the 
dentine beneath tho surface is everywhere traversed ; and, as might 
naturally be expected, they are most prominently shown in the older 
anterior teeth. Typical oxamidos are shown in figs. 8, 0. Other 
teeth in the British Museum exhibit tlie same feature, though I 
am not aware of its ha\djig hitherto been noted, and scarcely any 
specimens show it so prominently as tho example just described. 

VI., YII. In the light of the foregoing facts, it will he interesting 
now to attempt a revision of the various specific typos of the genus 
PtycJiodiis, and to endeavour to interpret the numerous associated 
groups of teeth that are already within the reach of scientific 
inquiry ; but such wiU be a work of considerable extent, and it is 
beyond the scope of the present communication to enter this 
untouched field. 

It may bo worth while, however, to append sketches of the median 
teeth of two of the species, for comiiarison with those of P. dtcurrens ; 
and the originals of figs. 3 1 and 12 are such teeth, belonging to 
P. polygyrus and P. paudsulcatus respectively. In the former 
(fig. 11) the ordinary median area is reduced to a small conical 
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with radiating furrows • while in the latter <fig. 12) the* 
jleame part of the grinding-surface is represented by about three very 
i abort, comparatively broad ridges, and the anterior granulated 
portion is marked by delicate brancliing grooves. 

VIII. A concluding note may also be added upon a large median 
tooth of P. demrrens (fig. 13), which shows the extent to which abra- 
sion sometimes proceeded before the final shedding. The scar caused 
by the opposing row of diminutive median teeth has assumed extra- 
ordinary proportions, and there are also three well-defined lateral 
marks of wearing. Two of the latter are observed on the left, and 
a larger one, connected with the median, is situated somewhat 
posteriorly to the right. 


Conclusions. 

On taking a general glance at the fossils just described, and 
considering their peculiarities as mutually illustrative, it seems 
possible at last to determine the precise character of the dentition of 
Ptychodus, at least so far as one species is concerned. The specimens 
numbered II. and Y. (figs. 1 and 4) show distinctly the plan of ar- 
rangement of the two jaws, and the other small fossil Xo. III. (fig. 2) 
will obviously determine the number of i)arallel rows constituting the 
complete armature. Unfortunately, however, it is somewhat difiicult 
to decide whether the latter specimen is truly referable to the jaw to 
which I supposed it to belong when my previously published diagram 
was sketched, or whether it rather appertains to the new tyj^e of 
dental arrangement revealed by Mr. Willett’s fossil. It is un- 
doubtedly an example of P. decurrens, and the rows marked 1 and 
2 exhibit precisely the same relative proi)ortion8 as those similarly 
denoted in siiecimen ISTo. IV. (fig. 3) ; while there is no transverse 
elongation such as is evident in the most fragmentary jaw of No. Y. 
(fig. 4). The larger tooth, on the other hand, does not agree very 
well either with the original of fig. 0 or that of fig. 8 : but, on 
the whole, it seems most likely that th ' former is its homologuc. 
Such being the case, there would be originally seven lateral rows on 
either side of the small median scries, and the o])posing jaw would 
almost certainly comjwiso an equal number. If, however, the large 
tooth in fig. 2 is one of a median row, there will only have been 
six lateral series in each. 

Having determined so much, it requires hut little study to demon- 
strate that the dentition is that of a true lia}' , and does not boar the 
slightest resemblance to that of the Oestraciont Sharks. Though, 
at first sight, the specimen No. II. (fig. 1 ) might suggest its apper- 
taining to a single ramus of the jaw — with the largest series in the 
middle, much as in the living Cestracion — yet the absence of all 
obliquity in the rows, and their completely symmetrical character, are 
features that at once forbid this interpretation ; and Mr. Willett’s 
specimen (No. V.) furnishes decided ijroof that such an idea is quite 
inadmissible. The two mandibular rami were thus placed almost 
in the same straight line, as is the case in so many of the living Rays, 
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and the symphysis (as usual in these fishes) produced no line of 
demarcation in the enveloping dental armature. 

This approximate determination of the aMnities of Ptyehodm^ 
indeed, seems to furnish a means of deciding upon the relative 
positions of the two jaws already described. For on examining 
recent Rays it will be observed that the contours of the dentition 
are nearly always slightly wavy, with a prominence at the symphysis 
of the lower jaw, and a corresponding groove in the upper ; and 
this relation appears to be quite constant throughout the group. 

There can be little doubt, therefore, that the lower jaw of the 
extinct genus under consideration was armed by the teeth so well 
displayed in the original of fig. 1, while the upper was provided, 
with the series most satisfactorily shown in fig. 4. 

But with regard to the family with which the Ptychodonts ought 
properly to bo associated, the dentition alone is insufficient to afford 
a definite clue. For among recent Rays the characters of the teeth 
are never of more than generic value * ; and there is so much 
variation among the members of the same group that it is impossible 
to proceed beyond a hazardous speculation. Even so peculiar a 
dental arrangement as that of jSlyliohails^ for example, does not 
prevail throughout the entii’e family to which it belongs, since one 
genus {Diccrohatis^ ax>pears totally different and is armed with 
ordinary diminutive teeth, while another (Oeratoptcra) ])ossesse8 no 
dentition whatever in the upper jaw, and has nothing of imxK>i’tance 
in the lower f. Owen and others, as already remarked, have fre- 
quently noted the superficial resemblance of Ptycliodus to ilie living 
Hhyiicliohaius^ and it is quite i)ossible that there may be some 
natural affinity ; but in this form the teeth are diamond-shaped, 
with the transverse lidgcs extending from corner to corner ; and 
their quincuncial arrangement and microscox)ical structure are 
serious obstacles to a belief in the suggested relation just mentioned. 
The arrangement of the teeth in parallel rows, crossing the rami at 
rigid angles, and their gradual diminution in size from the median 
series outwards, are features i)erhaps indicating some affinity with 
the huge Myliobatidie ; and it is in proximity to these that I would 
venture to assign the genus a jdace. Unfortunately, however, the 
broken fragments of cartilage that constitute the only part of the 
skeleton hitherto discovered are not s\ifficiently ])erfo(d to yield any 
more definite information ; and it is quite possible that we are here 
concerned with a re})rescntative of an extinct family as yet unknown 
to biological science. 

And, in arriving at such a result, it is imxmssible to omit a passing 
allusion to Prof. Sir Richard Owen’s supposed decisive argument 
in a different direction, derived from a study of microscopical 
structure. The distinguished author of the * Odontography ’ 
himself has doubtless long ago abandoned the idea of being able to 
recognize fossil Cestraciont teeth from an examination of the j)ecU' 

^ A. Gunther, ‘ Catalogue of Fishes in the British Museum,’ vol, viii. 
pp. 434-498. 

t A. Gunther, op, oit. pp. 496-498, 
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liarities of the vascular dentine ; and as such investigations failed 
to separate the Dipnoan Ctenodus and Ceratodus — and, still more, 
the Psammodonts and Petalodonts — from the Cestraciontidae, it is 
not surprising that they were likewise unsuccessful in correctly 
determining Ptyidiodus, Microscopical structure, in fact, seems rather 
to depend upon function, and not so much on genetic relationship. 

In conclusion, the question arises as to whence Ptychodus came, 
and whither its descendants, if any, departed. For, so far as is 
at present known, not a trace of this generic type occurs in any 
deposits beyond those of Cretaceous age ; and no one has yet 
succeeded in discovering a Selachian tooth that is obviously a modi- 
;dcation of the form so common in the Chalk. Mantell's Ptychodus 
Mortoni, it is true, is suggestive of an approximation to a more 
ordinary type of tooth, and it is not improbably one of the missing 
links required ; and a IBohemian example, described by Reuss * as 
P. triangularis, is also worthy of special note for exactly the same 
reason. Rut the progress of palaeontological knowledge is necessarily 
slow and uncertain, and we are compelled to remain satisfied with 
the present slight advance,' while deferring the solution of these 
wider problems to a future occasion when still more materials may 
be available. 


EXPLANATION OF PLATE X. 

Fig. 1. Portion of lower dentition of Ptychodus, sp. (B. M., no. 40050.) 

2. Portion of upper (? ) dentition of J'. decurrens. (B. M., no. 30134.) 

3. Portion of upper dentition of P. decurrens. (B. IVI., no. 3S5(I4.) 

4. Portion of upper and lower dentition of d.caui'rois. (Collection of 

Henry Willett, Esq., F.Q-.8., Brighton Museum.) 

5. Tooth of upper median series, found associated with the preceding 

specimen. 

fi. Tooth of upper sci'ies 1, associated with original of fig. 4. 

7. Tc'eth of right upper sorie.s 3, 4, associated with original of fig. 4. 

8. Tooth of lower median series, associated with original of fig. 4. 

9. Tooth of left lower series 1, associated with original of fig. 4. 

10. Teeth of lel't lower series 1, 2, associated with original of fig. 4. 

11. Tooth of upper median series of P. jjoly<jyrus. (B. M., no. i* 319.) 

12. Tooth of upper median series of P. paucisulcatus. (B. M., no. 4358.) 

13. Much-worn tooth of lower median series t»f P. decurrens. (B. M. 

no. 33247.) 

B. M. = British Museum. All the specimens are from the Chalk of Kent and 
Sussex, and are drawn of the natural size, with the anterior border in each case 
directed downwards. 


Discussion. 

The Pbesident congratulated the British Museum on obtaining 
the assistance of so promising a young palaeontologist as the author 
of the present paper. 

Prof. Seeley expressed a high opinion of the paper. The subject 
was one of much difficulty, as was shown by its having baffied a 

* A. E. Eeuss, ‘ Die Versteinerungen der bdhmischon Kreideformation,* 
pt. i. (1846) p. 2, pi. ii. figs. 14-19. This species was subsequently referred to 
Aorodtts by A. Fritach, * Beptilieu und Fische der bohmischen Kreideformation,* 
1878, p. 16, Sg.38, 
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naturalist of so muck knowledge aa A^gassiz. Tkaia 'waa a kna 
series of specimens of PtychoduB in the Woodwardian Museum at 
Cambridge ; but although these showed the linear and parallel 
arrangement of the teeth and apposition of the jaws, and although 
the method of wearing resembled that of the Bays, the subject 
had not been dealt with by any one so clearly as the examples in 
the Brighton and British Museums had been worh;ed out by Mr. 
Woodward. At the same time Prof. Seeley thought there was still 
some question if Ptychodus was really a Skate. It was certainly 
the type of a peculiar plagiostomous family. 

Mr. UnwTON pointed out that if the arrangement suggested by 
Mr. Smith Woodward was correct, the large teeth of the lower jaw 
ought to be worn on both sides, and those of the upper jaw on the 
inner side. 

Mr. Ltdekker said he had described a dental plate of a Myliohatu 
from the Eocene of India which appeared to show an approxinoia- 
tion in its contour to Ptycliodas. 

Dr. H. Woodward had not seen the Cambridge specimens, but 
noticed the very fine example from Brighton ; the specimen now 
exhibited showed portions of the teeth of both jaws well preserved. 
He pointed out the absence of tho Cestraciont prehensile teeth, and 
their replacement by crushing-teeth in Ptychodus, This was a 
most important observation of Mr. Smith Woodward’s. He thought 
the present discussion would throw some light on the peculiar 
crushing-teeth of Carboniferous Sharks. 

Tho AmnoR, in reply, said that in tho ])aper he had treated the ques- 
tion of attrition. The lower median teeth were worn not only on each 
side, but also on tho summit. The evidence at present seemed to 
him to leave it doubtful whether Ptychodus was tho type of a new 
family or not. He agreed with Dr. Woodward that forms like 
Psammoihis would have somc^ light thrown on them by invcstigatiojis 
into the dental arrangement of Ptychodus, 
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9, Note on Nttmmeettes eeeoans, Sowerhy, and other Eegeish 
Nummttlites. By Prof. T. Repert Joeeb, F.R.S., F.G.S. 
(Read December 15, 1886.) 

[Plate XI.J 

There being much confusion in the supposed relationship and 
published synonymy oi l!summuJiles elegans (Numniularia^, Sowerby), 
I propose to offer some remarks on the history of this species, more 
especially as less trouble would have been caused if 1 had taken 
more care years ago, and examined all, instead of only some, of 
Mr. Sowerby's specimens which have been associated with that 
name. 

Having just now seen (October 1886), for the first time, the 
“ Sowerhy Collection ” at the British Museum (Natural History, 
Cromwell Road), I find that Sowerby^s labelled specimens of 
“ NnmmulaTia elegans ’’ are really the same as my variety Prest- 
wichianaf of Nummulites planuJatns^ which the late Dr. Philippe De 
la Harpe regarded as a variety of N. wenimelcnsis %. Other 
specimens, however, which belong to true N, planulatus^ were 
confused by Sowerhy with his iV. elegans. 

Specimens labelled “ NnmnndaHa elegans^^ on the original card, 
No. 4^007 (1 ) in the “ Sowerhy Collection,” arc exactly such as come 
from the well-known bed “ no. 29 ” (at the base of the Barton Clay) 
of Prof. Prestwich’s section of the strata at Alum Bay, Isle of 
Wight, in the Quart. Journ. Geol. Soc. voL ii. (1846), p. 257, pi. 9. 
fig. 1. One horizontal section among them matches one of Sowerby^s 
drawings in the ‘ Mineral Conchologj^,’ pi. 538, namely the 10th 
figure on the jilate (counted in the order of the figs. 1, 2, 3), 
included in “ fig. 2,” and probably magnified two diameters. The 
other drawings in “ fig. 2 ” do not match the specimens from the 
bed no. 29,” but those referred to in the text (p. 76, vol. vi.) as 
having come from “ P^msworth,” and whicii are still in the Collection, 
and are so marked. These so-called “ Emsworth ” specimens 
evidently belong to N. plamilains, such as is found on the Continent, 
as indicated by me in the Quart. Journ. Geol. Soc. vol. viii. (1852) 
p. 350, note. 

In 1852, Mr. James De Carle Sowerhy, at my request, showed me 
the “ Emsworth ” {N. planulatus) specimens at his own house ; but, 
not comparing the figures and text of the ‘ Min. Couch/ at the same 
time, and not seeing the others (that is, the real “ N. elegans ” of the 
Collection), we did not discriminate the two sets of specimens ; and 
my note (Q. J. G. S. 1862, p. 92), written on the occasion, refers only 

♦ The generic term Nummularia used by Sowerhy is an unnecessary synonym 
of Nuonmulites^ Lamarck ; and the reasons for preferring Isurmnulites to 
Nummulina are given in full in my ‘ Catalogue of the Fossil Foraminifera in the 
British Museum,’ 1882, pp. 90, 91. 

t Quart. Journ. Geol. 8oc. vol. xviii. (1862), p. 93. 

^ Oatal. Foss. Foram. Brit. Mus. 1882, pp. 22 & 92. 
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to the planulatus (allocated to JEhnstvorih) alluded to in the text of 
the ‘ Mineral Conchology ’ at page 7 6, vol. vi. 

No locality is given for Sowerby’s real N, eJegatis (pi. 538, part of 
fig. 2), though its identity with specimens from Hed no. 29 ” 
cannot be doubted ; and the mention of “ Ems worth ” is made 
incidentally for the other Nummulite, about the relationship of which 
Sowerby may well have been uncertain. 

In the British Museum (“ Sowerby Collection ”) wo find No. 44007 
(1) labelled “ Nummularia elegans, W. D. S.” There are several 
specimens mounted on a card. One is illustrated by the 10th figure 
(part of “ fig. 2 ’’) on pi. 538, Min. Conch, vol. vi. (Sei)tember, 1826^), 
and described at p. 76, under A'ummidaria elagans. 

No. 44007 (2) is the same, together with fragmentary shells, in 
a clay with glauconite and coarse quartz gTains, much rounded. 
This is evidently the glauconitic clay-bed of the Barton series, part of 
“ no. 29 ” of Prestwich’s Section at Alum Bay, Isle of Wight, 
Q. J. G. S. vol. ii. (1846) p. 257, i>l. 9. fig. 1. 

As Sowerby’s elegans” is definitely the same as Nnmmulites 
Prestwichia'nufi (var. of jylatmlatus), Jones, of the bed “no. 20,’’ and 
as Or. Ph. de la llarpc del/ermined some of these Barton (“ no. 29 ”) 
Nummulites sent to him to bo a variety of iV. wenimelensis, wc have 
three names for this little fossil. If it be a species of itself, the name 
elegans would have priority of any other, unless the commingling of 
the two forms in the ‘ Mineral Conchology ’ loe. cit. interferes with 
the value of the evidence of the original card with mounted speci- 
mens, labelled “AT. elegcms*' by Sowerby. It is unfortunate that 
Mr. Sowerby at the same time referred some specimens of another 
species (previously described bj" Lamarck as '^J^eaticnlites plaiudaia ”) 
to his N. elegans, figuring them with it, and alluding to some of 
their features in his account of N, elegans. Nevertheless it is easily 
distinguished both among his figures and among his specimens pre- 
served in the British Museum. Accepting “ elegans^ ” as subordinate 
to Yanden Broeck and Be la Harpe’s N. ivemmelensis, we must 
replace the varietal name of Prcstwichia na by that of elegans. 
Doubtless, in a zoological point of view, ivennnelvnsis is itself a variety 
of pi anuJat us ; and this latter, as De la Harpe puts it, is a subor- 
dinate member of the N. Murchisoni group, or, as Prof. W. K. Parker 
and myself have regarded it, a variet}’^ of JS\ perforatus lower than 
complanatus and its allies t. Therefore eJegans {^Prestwicliiauus) is 
a variety of planulatus in our sense ; but it is not advisable to ignore 
the specific value of wemmeleasis, on which Dr. De la Harpe has 
bestowed much careful research ; and N. ivemmelensis^ Do la Harpe, 
var. elegans. Sow., is a correct denomination for the Nummulite 
under notice. 

To proceed : — 

In the “ Sowerby Collection ” : — No. 44007 (3) contains the 
individuals shown by the 9th and Ilth figures (part of “ fig. 2 ”) on 
pi. 538. No. 44007 (4) has the 6th figure (part of “fig. 2”) on 

For the exact dates of the parts and Tolumes of this work, see Professor E. 
Renevier’s note in the ‘ Bullet. Soo. Yaudoise Sci. Nat.’ 2 Mai, 1855. 

t See Ann. & Mag. Nat. Hist. ser. 3, vol, viii. pp. 233, 234, 
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pi. 5Si^. Ho. 44007 (5) has the 7th and 8th fignres (part of 
** 2 ”) on pi. 538. These are said to be from Emsworth, near 

Clhiehester, and consist of a siliceous shell-rock not otherwise known 
in England. These specimens, Hos, 44007 (3, 4, 5), wore those 
^hich I saw with Mr. Sowcrb 5 ’ in 1852, and understood to be 
JV. elegam, Becognizing them as N. planulatus^ and probably /orfi^w, 
and, not seeing the others, I did not adopt the name elerfans, but 
designated the Barton specimens of bod “ no. 29,” in which I was 
then interested, by a new name. 

It will be well to mention that in plate 538 of the ‘ Min. Conch.’ 
the JVummufites Icevigaiua is illustrated by “fig. 1” at the top; 
variolarivs by “fig. 3,” in the middle; and N, ehgans [and 
planuhitns] by “ fig. 2,’’ at the bottom. Counting the figures 
individual]}, tor convenience of detailed rofennee (as Do la Harpe 
does), “ fig. 1 ” comprises nos. 1-5, “ fig. 2 ” nos. (>11, and “ fig. 3 ” 
nos. 12-17, counting in theorder of figs. 1,2, and 3; it in the order 
of actual ])osition on the plate, the sequence would be diffeient. Of 
“fig. 2,” at the bottom, no. 10 is the real *, the others 

being ^ at different stages of grovitht, and from 3 to 

10 millim. in diameter. 


EluciihUii e Scheme of Plate 538 ‘ 31ineral Conchologg.’ 
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* This horizontal section, ditfering from any sueli on the “ Einsworth ” stone (on 
which, indeed, there are only on© or two exposed), is like those of the specimens 
from bed “ !No. 29 ; ” and if magnided twice, as is probable, would be about 
2^ rom. in diameter. 

t Such, for instance, os may be observed among a set of specimens of this 
species from Forets, near Brussels, and elsewhere. 



AND OTHER RROUSH: NOAIMULITES. 


1B5 


It may also be remarked that the labdled card, No* 44008 (1), 
with Nummulites variolarius (Liamarok), contains the specimens 
figs. 12th, 14th, and 17th (part of “ fig. 3 ”) of pi. 538. No. 44008 
(2) is N, variolarius. No. 44008 (3), N, variolarius^ contains the 
13th, 15th» and 16th figures (part of ‘‘ fig. 3 of pi. 538. No. 44008 
(4), N, variolarius, without a locality, is a calcareous lump of these 
little fossils, certainly from France, like the coarser of the two 
specimens from Betz, Dep. Oise, “ P. 969,” in the British Museum ; 
‘ Catal. Foss. Foram. B. M.’ 1882, p. 38. 

1826. The description of N. elegans by James De Carle Sowerby, 
in the ‘ Mineral Conchologj^’ vol. vi. p. 7 6, is as follows : — 

NTTMMunARiA ELEGANS, Tab. Dxxxvm. fig. 2. 

“ Spec. Char. Compressed, smooth ; whorls about six ; septa 
gently curved from the axis, numerous [alar prolongations of the 
chambers] : aperture rather prominent. 

This differs from the last [iVT. hvvigatus ] in being smaller, in 
having fewer whorls, which increase more rapidly, and in the 
regular curvature of the septa. When young, it is very smooth and 
regularly lenticular. The large figure [j\^. iilan'ulat\(s\ shows several 
series of diminishing chambers, as mentioned in the observations 
upon the genus [x)p. 73—74]. 

“ A siliceous stone occurs at Kmsworth, near Chichester, that 
contains among other shells an abundance of these Nummulites 
[iV. planulatiis\ filled also with silex, the other shells are too 
imperfect to ascertain in our specimens. 

“ It is an intermediate species between Lenticulina and Niimmu- 
lites of ijamarck.” 

In this description some features of A\ plamiJatiut are confused 
with those of elegans itself. 

The Fmsworth stone referred to consists of siliceous internal 
casts of Mollusks (Bivalves and Oasteropods) and Nummulites, with 
siliceous cement. This last was sandy, and contains some glauco- 
nitic grains. 

Inquiring of Prof. Prcstwich in 1882, aboxit this “ Emsworth ” 
stone, I was favoured with a letter in which he informs me that he 
has “ searched in vain for the section with Namuinlites Emsworth, 
and that it may have been in a small tem])orary pit in a lane. The 
place itself is on the [lower] London Clay.” (‘Catal. Foss. Foram. 
Brit. Mus.’ 1882, ]>. 24.) 

“ The village stands in greater part on Chalk and Gravel ; but on 
the outskirts southward it j)asses on to the Lower Tortiaries, and 
possibly to the Bognor Beds ” (Prof, Prestwich, November 10, 1886). 
A well, therefore, may reach some Lower Tertiary beds ; but no 
siliceous fossils are known in them. 

Prof. Prestwich, however, has suggested to the author that, as 
very little is known of the “ Bognor Kock,” and nothing of its 
lower portion, it is just possible it may possess some peculiar stratum 
holding N. planulatus', and that this would be such as on the 
Continent occupies the horizon equivalent to that of the London 
Clay, including the Bognor Hock. 
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In the * Proceed. Geol. Assoc.’ vol. ii. (1872) p. 158, Mr. Caleb 
]Elvan8 referred to this Nummulite, described by Sower by and found 
at “ Emsworth Common,” as possibly indicating the presence of the 
“ Bracklesham Series ” at that place, about 3 miles to the east of 
Portsdown IIiQ. 

Mr. Clement Peid, F.G.S., who is also well acquainted with the 
country near Chichester and Havant, writes me (Oct. 23, 1886), in 
repl)^ to inquiries : — “ I have referred to all the maps, but cannot 
make out how any Nummulite rock can occur m stfii at lilmsworth. 
It may, however, be possible that Sowerby is right ; tor having 
worked within two miles of Emsworth, I find that as the Chichester 
synclinal is a good deal sharper than on our old Geological Survey 
map, liracklcshain beds may occur near Emsworth. There is another 
possible explanation, namely, that Sower))y’s specimen was from an 
erratic block. There are several blocks of Bognor Bock scattered 
over the, countr;y\” 

Mr. Xeeping, in a letter dated November 25, 1886, says — “The 
strata at Emsworth are London Clay^ and Woolwich beds ; so we may 
be certain that the occurrence of the Nummulitc is a mistake.^’ 

In the British Museum, the late Mr. E. lil. Edwards's collection 
contains several loose specimens of both JV. PreatwicJiia^iufi and 
N. variolarius^ labelled as having come from “ Emsworth ; ” but this 
is exeeedhKjly dimhiftilj for they and the small Mollusks and other 
fossils with some of them have every appearance of specimens from 
Barton and Ilighcliff. 

1837. II.Galeotti, inhis “Memoire surla. constitution gcognostique 
de la Province de Brabant” (Mem. couron. Acad. B. Belg. vol. xii. 
1837, I'. 141 ), quotes “ JS^urnniuluia luhis et Soweihy, Min. 

Conch, pi. 538. hg. 2,” as occurring tit Eorets, Jetto, and Laeken, in 
Belgium, and at Barton ! 

1846. In I^rof. Prestwich's memoir “ On tho Tertiary Formations 
of the Isle of AVight,” in the Quart. Journ. Gcol. 8oc. vol. ii. at page 
254, bed no. 16 at AVhiteclift* Bay is said to contain “ Nummulites 
eler/ans'^ (the Bev. (). Eishor regards tliis as ]>robahJy being A", vario- 
larius, Q. J. G. 8. vol. xviii. p. 70; ana it is near the ])osition of 
Mr. Keeping’s PrestwivMamis-hod^ sec p. 145); beds nos. 14-12 
to contain N, laevigatas : and bed no. 11 to contain iV. elegans and 
scaher (referable to N. variolarins and JN. hwigat-as). At page 257 
the bed “ no. 29 ” at Alum Bay is said to have N, la vi gains and 
N, elegans. Here the latter agrees with Sowerby ’s determination 
(see above) ; whilst the former species may occur lower down in the 
Bracklesham portion of the bed “no. 29,” but it is doubtful*. 
Mr. Keeping states that N. variolarius (or a thick Prestwichianns) 
is met with in Mr. Prestwich’s “ no. 29,” in the nijpor portion of 
the brown part, and the flattened form midway between this and 
the base of that clay (Letter, November 25 & 29, 1886). 

1848. In Bronn’s ‘ Lethaea geognost.. Index palmontolog.’ vol. i. 

* I did not not© this species in Mr. Prcstwich’s collection from Alum Bay in 
1862 (see page 147). 
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p. 628, Sowerby’s iV^, elegans is referred to Lentic^lites planulata,* 
Xiamarck, witb doubt. 

1850. Dixon’s ‘ Geology of Sussex,’ &o. 1st edition. 

P. 85. Nummularia variolaria^ Sow. Min. Conch, t. 638. f. 3, 
Stubbington; common. 

P. 85. N. elegans^ Sow. M. C. t. 538. fig. 2, Alum Bay, Isle of 
Wight ; rare. 

P. 85. N. radiata (Montfort), Bracklosham ; rare : pi. ix. fig. 7 ; 
this is N. variolaria with some of its septal lines raised externally. 

Mr. Sowerby himself drew up this list, and applied the name 
“ elegans ” to the specimens from Alum Bay then under notice, 
having already given that name to the same species from the same 
place in 1820, though unfortunately mingled with others (N. plan- 
•iilatus) in the description and figures. 

1850. In his ‘ Histoire des Progros do la Geologic,’ vol. hi. (1850), 
p. 236, M. d’Archiac states that, in Sowerby’s pi. 538. fig. 2, “ les 
figures do droite, de gauche et la coupe du milieu,” named “ elegans,^^ 
may be “ N. planulata ” ; and at p. 240, that in fig. 2 “ les trois plus 
petites sculement ” are “ N. ’lilanulatar These three smallest figures, 
however, really comprise two of planulatus and one of elegans* 

1852. In the Quart. Journ. Geol. Soc. vol. viii., at p. 350, Sir 
Charles Lyell added this note to his Memoir on the Belgian Tertiary 
Pormations ; — 

“Mr. T. llupert Jones informs mo that the Nummuhte figured as 
N, elegans in the ‘ Mineral Conchology ’ from specimens marked 
‘ Emsworth, near Chichester,’ and which Mr. J. de C. Sowerby has 
kindly permitted him to examine *, is (as suggested by M. d’Archiac, 
Hist. Progr. Geol. vol. iii.) undoubtedly the N* planulatus of conti- 
nental geologists. It is probable, therefore, that in that part of 
England where the Bracklesham bods with N. liEvigatas are so 
largely developed, strata characterized by N. planulatus also exist ; 
and it is highly desirable that their relative position should be care- 
fully studied.” 

The succession (downwards) of the Nummulites in Belgium is 
stated in Sir C. Lyoll’s paper, op. cit. pp. 279 and 349, to be: — 
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1854. D’Archiac and J. Haime, in their ‘ Monogr Nummulites,’ 
&c. (1853-54), p. 143, refer to Sowerby’s N. elegans, ‘ Min. Conch.’ 
vol. vi. (1829), p. 76, pi. 538. fig. 2, as N. planulata, var. a, pi, ix. 

♦ Had the Alum-Bay specimens, also labelled “JV. elega'iiSy* heea examined 
at the same time, this name would have been retained for them. 

t Unless in an unknown stratum of the “ Bognor Bock ” (see p. 135) 
Q.J.G.S. No. 170. I. 
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figs. 10, 10 a-c. At p. 14G they properly refer to Sowerby’s fiu;. 3 
as N, variolaria^ aud figure it in pi. ix. fig. 13. 

1854. In Morris’s Catal. Brit. Foss. 2nd edit. p. 38, N, eJegans, 
Sow,, is placed under Niimmulites jilanulatus, Lam. 

1862. The Rev. O. Fisher, in his Memoir “ On the Bracklesham 
Beds,’’ Quart. Journ. Geol. Soc. vol. xviii., allocates Isummuhtes 
variolarius^ Icevigatus^ and Prestwicliiarms to their several beds of the 
Braoklesham and Barton formations, at pages 67, 70-84, and says 
(p. 84) : — “ At .f\Jum Bay the greater part of the fossiliferous beds in- 
cluded in No. 29 of Mr. Prestwich’s Section (Quart. Journ. Geol. Soc. 
vol. ii. pi. 9) may be correlated satisfactorily with those usually known 
as the Barton and Higheliff series. There is a well-known and marked 
seam of dark green sand 3 ^ clay, containing abundance of Nurnmulina 
PresHvicliiana. It contains Barton forms ; and therefore we may 
safely carry the Barton series down so far, though it is lower in 
series than any bed from which fossils have hitherto been collected 
at Higheliff. The same Nummulite-bed occurs there also ” (see 

p. 87). 

1862. At Whitecliff Bay- part of the ‘No. 17 ' of Prof. Prestwich's 
section, Quart. Journ. Geol. Soc. vol. ii. p. 254, and of the xix. 
of Mr. O, Fisher’s section, Q. J. G. S. vol. xviii. pj). 69 & 70, is 
regarded by Mr. Fisher as the equivalent of the green bands which 
form the base of the Barton beds at Higheliff and Alnm Bay, and 
these contain the Ifii'inmnlina jflamdaius [wrmmehiisls]^ var. Prest- 

wichia7ia, 

1862. Quart. Journ. Geol. Soc. vol. xviii. pp. 93, 94. Appendix 
B to the Rev. O. Fisher’s memoir “ On the Bracklesham Beds.” 

“Ah^e 0)1 Nummulina planttlata, Lamarck, sj)., var. Prest- 
wicRTAXA, Jones. By T. Rupert Jones, F.G.S. 

“ Ihis little Nummulito is discoidal, smooth, and flat, rarely in 
any degree biconvex, even in the young state, unless the outer whorl 
has been flattened l\y pressure ; about diameter, and 

ly^th in thickness. The gently' sigmoid and semitranslucent edges 
of the septa appear at the surf •^•o, and but seldom rise above it 
(except when the specimens are mechanically compressed, which is 
a common condition). The w'horls (throe [four ] in large specimens) 
are all visible in empty shells made transparent by' water or Canada- 
balsam ; they are proj.)ortionally wide for NammuUna (the outer 
whorl making half [ '^th or f Ih] the width of the disk). The chambers 
are about half as long as wide, neatly curved, but subject to irregu- 
laritj' of growth. The lateral portions of the chambers, though very’ 
shallow, are continued over the surface towards the centre on each 
face, and are rather straighterin old specimens than in the young [?"|. 

“ This neat and delicate variety of Nurnmulina pUmulata^ Lamarck, 
sp., has long been known in a clay containing much green sand, at 
Alum Bay’, Isle of Wight (lower part of the bed ‘No. 29’ of Mr. 
Prestwich’s Section, Quart. Journ. Geol. Soc. vol. ii. p. 257, pi. 9. 
fig. 1) ; but it has not hitherto boon described *. It is near to MM. 

* The writer did not then know that Mr. J. Be O. Sowerby had included this 
Hfummulite under the description of N.elegans in the Min. Conch, vol. vi. p. 76. 
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d’Archiac and Kaimc's Nammalites plamdatn^ var. a, from Jette 
Belgium ; but llie latter lias a biconvex centre (opake when mounted 
in balsam), has narrower whorls (in the proportion of 1 to 4, ijistead 
of to 4), and grows to a somewhat larger size. To distinguish 
our variety (which characterizes a well-marked geological zone), 1 
propose to give it the name of PrestwkJiiana ; and, as the small 
biconvex variety of N. planulata passes binomially as variolarm ^ 
BO this small depressed variety of the same species may be allowed 
to stand on a similar footing, and be known as N, Prcstwichiana^ 

** In the sandy clay-bed at Alum Bay the shells of this little 
Nummulite are very numerous, and often well preserved, but not 
unfrequently much crushed by i>ressure. In many specimens, 
especially large ones, the chambers are occupied by iron -pyrites ; 
and neat casts may be obtained by carefully dissolving the shell in 
weak dilute acid. In the clay at High Cliff the shells are not so 
numerous, are very much compressed, and so highly pyritized that 
they are readily destroyed by the atmosphere.’’ 

It may be added that even in the smaller specimens the alar 
chambers though “ radiate ” are not straight, but curved ; and in 
the largest individuals they become “ sinuate ” ; therefore this form 
is one of the “ sinuo-radiatos ” 

18(>3. In a letter dated November 9, 18G3, the Ilev. O. Fisher 
wrote : — 

‘‘ This N. PrestwioMana seems to range over what I have taken 
as the junction of the Bracklesham and Bartons. At Alum Bay the 
forms with which it occurs arc Barton forms, -while at Hunting 
Bridge it lies at the bottom of a thick bed of Bracklesham fossils.” 
He also refers to N. tfciriolaria, a species of tlie Barton scries, as 
occurring at King's-Garden Gutter, New Forest (“ Brook,” F. 
Edwards), “ rare, but peraistont.” 

1873. Ann. & Mag. Nat. Hist. ser. 4, vol. xvii. p. 283. Among 
some fossil Nummulites dredged up in the Ihiglish Cliannel, N. 
Prcstinichiana was met with, and it is noted that this last form was 
doscri\)ed in the Quart. Jourii. Geol. 8oc. vol. xviii. px). J)3, 94, as 
N. pJdmdata, var. Prestivicldanay and possibly may be essentially 
the same as N. planulata, var. a. minor, d’A. & H., which occurs at 
Jette, in Belgium.” 

1878. Dixon’s ‘ Geology of Sussex,’ &c., 2nd edition by T. B. 
Jones. 

Page 172. JSfuTnmulina variolaria (Lamarck). Strongly ribbed ; 
pi. ix. (10), fig. 7. 

Page 172, note by T. B. J. : — 

“ Nummulina elepa'ns. Sow. ‘ Min. Conch.’ t. 538, referred to at 
p. 85 in the First Edition, was [in part] originally described from a 
specimen said to have come from a well 'f' at Emsworth, near Ports- 
mouth. It is not known anywhere else in England. The figured 
specimen [11th figure in fig- 2 of the plate] closely resembles sx^eci- 

* Ann. & Mag. N. H. ser. 3, vol. v. p. 109, vol. viii. p. 115. 

t I do not know -where I learnt tide fact ; perhaps Mr. Sowerby gave me 
the information. 

L 2 
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mens from Belgium. JV. Prestwichiana (Quart. Joum. Geol. Soc. 
vol. Kviii. p. 93), from the junction-beds of the Bracklesham and 
Barton series at Alum Bay, may have been mistaken for [on the 
contrary, was correctly given by Mr. Sowerby as] elegans in the 
catalogue at p. 85 of the Pirst Edition.’’ 

1879. Writing (October 1, 1879) about some English Nummulites 
which I had sent to him. Dr. Philippe De la Harpe explained his 
views about Nummulites wemmeletisis, and the variety Pre^twicTtiana, 
which latter I now refer to Sowerby’s elsgans ; and he stated that of 
W. wemmeTensis (which, though rare, occurs at Brussels, Jette, Wem- 
mel, Laeken, Ghent, and Briendereck in Belgium) he recognized the 
following varieties : — 

1. Typo : size 2-3 millim. ; shape irregularly lenticular, with 

knob in the centre ; surface smooth. Wemmel and Jette. 

2. Var. plicata: size 1^-2 millim.; shape lenticular, with de- 

pression in the centre ; surface plicated. Ghent. 

3. Var. granulata : size 1^-2 millim. ; shape flat, surface granu- 

lated. Brussels, Park St. Gilles. 

4. Var. minor : size 1 millim. ; lenticular, smooth, regular. 

5. Var. Prestwichiana \_=^elegans~\i size 1-2 millim. ; flat, smooth, 

regular. 

The spire is very nearly the same in all the varieties ; the last is 
always much larger than the foregoing whorl. By its variations 
this species has affinities with AT. variolarius^ with Assilina^ and with 
Operculina *. 

In the ‘ Catal. Eoss. Foram. Brit. Mus.’ 1882, pp. 91—93, I 
stated that “ the proposed specific name ‘ AT. wemniellensis ’ for the 
typo to which my ‘ W. planulata, var. Prestwichiana ’ evidently 
belongs, had such strong justification, that I acceded to the accep- 
tation of my friend Ernest Vanden Broeck’s suggestion. Still, for 
convenience, the term ^ Prestwichiana ’ has been frequently entered 
in the Catalogue, as a synonym.” It scorns now that elegans has 
priority, if not over wemmelensis, yet over Prestwichiana as one of 
its varieties. 

This Prestwichiana or elegans is one of the Nummulites which 
have a large primordial or central chamber, AT. wemmelensis also 
having the character typically. 

In Belgium the late De la Harpe found eight species, consisting of 
four pairs of Nummulites, one of each pair having a very small, 
and the other a large central chamber, thus : — 

Small central chamber. Barge central chamber. 

r N. elegans^ De la H. (nos. 9 and 11 

1. N. planulatus, Bamarck -j of Sowerby’s fig. 2. pi. 538). N. 

t planulatus, D’Archiac. 

2. N.la^a^, Lam. (T™ and Ta-1 jy Lama„u, d’AroK 

rieties scaber^ rotula, globulartus), j * 

3. AT. Hd>erti, d’Arch N. variolarivs^ Bam. 

A %r ^ x.- ' f n 1 4 .*'\ / AT* wemmelensis ^ Vanden Broeok 

4. N. Orbtgnyt {Op^cuhna, Galootti). | jy .,^1 minor). ^ 

See De la Harpe’s letter in the *Oatai. Foss. Foram. Brit. Mus.’ p. 02. 
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Among !N'ummnlites in general, the same pairing of species holds 
good, thus : — 

Central chamber 


Small. 

IS", perforatus. 

N. Brongniarti. 

N. complanatus. 

N. gizensis. 

N. contortus. 

N. biaritzensis. 
Aasilina exponens. 
A. spira. 

See Catal. Foss. Foram. 


Large. 

N. Lucosanus. 

N. MolU. 

N. Tchihatcheffl. 

N. curvispira. 

N. Btriatus. 

N. Guettardi. 
Assilina mamillata. 
A. Bubspira. 

Mus. pp. 92, 93. 


The constant association, in the same strata, of large individuals 
with a small, and small individuals with a large central chamber, is 
more fully treated in Dr. Ph. De la Harpe’s ‘‘ Memoir on the 
Nummulites of Switzerland’^ (Mem. Soc. Pal. Suisse, vol. vii. 1881), 
at p. 63, &c., thus carrying out to a practical result the obser- 
vations made by Prof. Parker and myself in the ‘ Annals Nat. Hist.’ 
ser. 3, vol. vii. 1861, p. 233. Dr. Be la Harpe, however, appears 
not to have seen this paper, nor our “ Notes on Nummulites,” 
0/7. cit vol. V. 1860, pp. 109, 294, &c. ; nor Carpenter, Parker, 
and Jones’s observations in the ‘ Introd. Study Foram.’ Hay Soc. 
1862, pp. 262-276 ; at least he docs not refer to them in detail. 

1881. “Etude dcs Nummulitcs de la Suisse,” &c., premiere 
partie, Mem. Soc. Palcoiitol. Suisse, vol. vii. At page 29, referring 
to some forms which he thought that B’Archiac had confused under 
the name of planulata^ Dr. De la Harpe stated that the little form, 
with large central chamber, figured by Sowerby as N. elegans, ‘ Min. 
Conch-’ pi. 538. figs. 6—11 [Sowerby ’s “ fig. 2 and taken by 
D’Archiac for young N, planulutus^ should retain the name given by 
Sowerby. 

I consider the nos, 6—9 and 11 (in “ fig. 2 ”) to be really 
"N. planulatus of different stages of growth ; but, coming under that 
genus instituted by Lamarck, they did not require a new name : 
whilst “ no. 10 ” is one of the specimens on Sowcrby’s card labelled 
“ Nwmmularia elecfans” and forming the chief subject of his jiara- 
graph on N. elegans, op. dt. p. 76. 

Dr. De la Harpe having found some small lenticular planuJaii 
with a large central chamber, regards them as one of his twin 
species. Nos. 7 and 8 in Sowerby’s “fig. 2 ” are like these exter- 
nally, and may or may not have the large central chamber. At 
all events they either are or have been mixed up, in the siliceous 
rock of “Emsworth,” planulatus (nos. 6-9, and 11). Even 
if they be the same as De la Harpe’s twin species referred to 
(Numm. Suisse, pi. 7. figs. 12-23), they cannot be called elegans^ as 
that name is on Sowerby’s label of the Prestwichiana variety from 
Alum Bay. 
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1883. In the posthumous portion of our deceased friend 3>r. 
Phil. Be la Harpo’s “ Etude des Numinnlitcs do la 8uiss(^ et Kovision 
des Especes Eocenes dos Genres Nummulitos et Assiliiies,*^ parlio 
troisieme (Mem. 8oc. Paleontol. Suisse, vol. x.), 1883, p. 109, ^ve 
have the synonymy of the little Nummulite under notice thus 
given ; — 

Nummulites IYemmelensts, Be la Ilarpe and Yanden llroeck, 
pi. xi. figs. 52—70. (Yar. Prestwu^iii, figs. 05-70.) 

1822. Nummidhes lenticula (pars), Befranco, Bict. Sc. Nat. vol. 

XXXV. p. 220. 

1837 (?). Id. (pars), Galeotti, Mchn. constit. gck)gn. Brabant ; 
Mein. Acad. Belg. vol. xii. 

1837. N. (hijans (pars), Galeotti, q/). cif. 

1853. N. 2 d(tn}dafa^ d’Orh. var. a. minor, B’Arch. et Haime, 
Moriogr. Numm. p. 143, pi. 9. f. 10, a, ?>, e. 

18(il. Id. Lam. sp., var. Prestwichiana, 11. Jones, Quart. Journ. 
Geol. Soc. vol. xviii. p. 93. 

At p. 171, Be la Harpe, under JHiimmulites plamdata, Lamarck 
sp.” (x)l. vii. figs. 1-11), places: — 

“ 1829. Hummularia elegans (pars), Sowerhy, Mineral Conchology, 
vol. vi. p. 70, x>h 548. figs. 6, 7, 8 {non figs. 9, 10, 11).” 

Excepting no. 1 0, these (Sowerby’s “ fig. 2 ”) are in my opinion 
definitely N. plamdati^s (Lam.). 

At p. 175, under Nummulites elegans, Sowerby ” (pi. vii, 
12-23), Be la Ilarpe jilaces : — 

“ 1829. Ntiuiniularia elegans (pars), Sow. Min. Conch, vol. vi. 
p. 76,i'X>l. 538. figs. 9, 10, 11 {iion 6, 7, 8).” These also, ex- 
cepting no. 10, are JS\ plan ulatiis \ Be la Harpe's figures 12—20 are 
like young jdamdatas with large central chanjber, and externally 
like some (nos. 7 and 8 of Sowerbj^’s fig. 2 ”) which accomj^any 
o\heT pi ant dati of larger growth. His figs. 21-23 represent a very- 
thin form (“ depressa ”). 

The English Hummxdites, 

I. Numm^eites 73EKGAXS, Bowcrby. PI. XI. figs. 1-9. 

The following synonymy of N. elegans, Sowerhy, is here offered 
as being in accordance with w hat we have noted above : — 

1826. Hummularia elegans (part.), Sowerby, Min. Conch, vol. -vi. 
p. 70, pi. 538. fig. 2 (jiart, namely^ no. 10). 

1 837. Nummttlina elegans (part.), nobis et Sow^erby, Galeotti, 
3Iem. constit. Geogn, Brabant, p. 141. 

1846. NrimmuUna elegans, Prestwich *, Quart. Journ. Geol. Soc, 
vol. ii. p. 257. 

1848. LenticuUtes planulata (?), Bronn, Index Palaeont. vol. i, 
p. 628. 


♦ At p. 254 N. variolarius appears to have teen misnamed elegatts. 
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1850. Nummidaria ele^tins^ Sowerby in Dixon’s Geol. Sussex, 
P* 

1850. JSIumuuiliLes plauulata (x>art.), D’Arcbiac, Hist. Progros 
Geol. vt)l. iii. p]). 230 and 240. 

1853. Numntalites planukitus (part.), Jones, Quart. Journ. Geol. 
Soc. vol. viii. I). 350, note. 

185 J. JSl'iini nttdina plamdatfi^ var, a, vel minor (part.), D’Arch. 
A Haime, Monogr. Num. p. 143. 

1854. NiDitniuHtcsphinLiJatus (part.), Morris, Cat. Brit. PAss. 2nd 
edit. p. 38. 

1802. Nn'in nmlina planulata, var. Prcstwichiana^ Jones, Quart. 
Journ. Geol. Soc. vol. xviii. p. 93. 

1878. Nuoimulimt planulata, var, Prestwicliiana, Jones in Dixon’s 
Geol. Sussex, 2iid edit. j). 172, note. 

1881. Numtnaiitcs elo(jaiis (part.), De la Ilarx^e, Numm. Suisse, 
part i. ]). 20. 

1882. Naimnuliles ^rYemmeMensiSy var. Prcstivicliiiy De la Harpe, 
Catal. PAas. PArain. Brit. Mua. pp. 92, 93. 

1883. J^iimmulites VYemmellensiSy var. Prestwicl liana. Do la Harpe, 
Numrn. Suisse, part iii. p. 169. 

1880. Max von Haiitken in the Poldtani Kcizlony, xvi. Kotot, 1886, 
in a paper on some American Nummulites (p. 183), pi. 1. fig. 4, 
gives “ N. elegans ” after De la Harpe, Etude Numm. Suisse, p. 175, 
pi. 7. f. 12-23, with 5 whorls, not rapidly increasing. 

In addition to the general description of N. elegans (PrestwicJilana) 
given above at page 138, the following notes on its size and 
proportions will be useful in its identification. (Mr. C. D. Sherborn 
has kindly given me his help in measuring the small English 
Nummulites.) 

Sowerby’s figure * no. 10 in fig. 2,” magnified probably two 
diameters, represents a specimen about 2^ millim. across, with 4 
whorls, there being the following number of chambers in the 
whorls : — 

let. 2iid, 3rd. 4th, 

7 14 22 35 ? 

Sowerby’s specimens (from the bed no. 29,” Alum Bay), 
flattened by pressure, are of various sizes, as usual ; and one, broken 
open (not artificially bisected ^) and not well preserved, gives : — 


* Sowerby’s mounted specimens of ** A. elegans ” from Alum Bay do not offer 
any good horizontal sections. Those that liave their median chambers exj)Osed 

have been broken open, in breaking the matrix, with such an imeven fracture that 
they do not show sections of an even plane like that seen in specimens carefully 
ground down, and hence they have the central chambers obscure. 
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Measuremente in 


N umber of cb ainbt* rs 


millimetres. 

Number 

in 

the whorls. 




of whorls. 













Diameter. 

Thickness. 


1st. 

2nd. 

3rd. 

4th. 

One of Sowerby’s fpeci-' 
yyiftTift J 


1| 

4? 

4 

9? 

13 

14? 

20? 


/ 

u 









H 






26? 

Specimens from Alum 


1| 

2i 

2 

i 

4 

7 

14 

21 

Bay (bed “no. 29”)-^ 
flattened by pressure. 


i 






II 



ordinary 

i 

4 

8 

14 

20 

? 

Prom Whitecliff Bay'j 









(Keeping’s Prestwicki- 
anus-heS). Nearly all 


ordinary' 


4? 

8 

13 

? 

? 


3 

i 

4? 





the specimens are flat- 
tened by pressure / 



i 

4? 






11 







Prom Highcliff (“ H,” 


'■ 1 

X 

4 

8 

14 

19 

? 

Keeping), not flattened i 


2 

a 

4 



by pressure 


21 









h 








li 

?t 

4 

8 

12 

18 

25? 

From Hunting Bridge,^ 
New Forest ' 


n 

? 

? 

o 

? 

i ^ 

' V 

4 

4? 

4? 

8 

8 

8 

If) 

16 

14 

20 

? 

? 

? 

? 

9 



21 

1 







In Bed no. 29 the specimens arc thin and compressed, with 
the alar prolongations (“ alse/’ or lateral extensions) of the chambers 
nearly all reaching the centre, somewhat curved; more sinuous 
and less regular in old individuals (PI. XI. fig. 1). Prom the 
Hunting-Bridge beds specimens given to me by the liev. O. Pisher, 
P.G.S., are only slightly flattened ; t^eir alae reach the centre. 
Mr. Keeiung’s specimens “B,” from Hunting Bridge, are not flattened ; 
their ala? generally, but not in every case, reach the centre. Those 
from Highcliff (Keeping, are not flattened ; their aim reach the 

centre. Some individuals of elegam have partially radiate or 
plicate surfaces, due to the lessening of the septal ribs and a local 
convexity of the alar parts of the chambers, probably the var. 
plicataf He la Harpe (see above, x>. 140). 

Por the localities of Sowerby’s N, elegans ( or Prestwichianci) we- 
find in the ‘ Cat. Poss. Poram. Brit. Mus.’ 1882, pp. 22-25 (besides 
the Bed “no. 29 at Alum Bay) Bracklesham, P. Edwards ; biconvex 
variety, Bracklesham, P. Edwards ; Barton, P. Edwards ; Barton,^ 
with N, variolarius^ P. Edwards ; Emsworth, with N. variolarms, 

* In the Museum of Practical Geology, Jermyn Street. See PI. XT. fig. 1. 
t These were ground down without their thickness having been measured. 
They probably ranged about ^ millim. 
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F. Edwards ; and Emswortli, with Turhinolia^ F. Edwards. Of 
these some, if not all, may have been wrongly localized (see above, 
page 136). Further, from llramshaw. Brook, and Higbcliff ; the last 
is thickish and associated with JVl variolarius ; all from the late 
Mr. Fred. Edwards’s Collection. Some rare, dredged off Guernsey, 
as noted in the Ann. & Mag. N. H. April 1876, p. 283. We have 
received from the Rev. O. Fisher and Mr. Keeping some from Hunting 
Bridge and from Highcliff, also some in a glauconitic clay from 
Whitecliff Bay, found by Mr. Keeping in a zone just below “ no. 
17 ” of Mr. Prestwich’s Section and 13 inches thick. This is 
regarded as equal to a part of “ no. 29/* Alum Bay. The specimens 
are both large and small, compressed, and not pyritous. I may 
mention that not only did Prof. Prestwich give me characteristic 
specimens of the Prestwichianus and variolarius from their several 
beds in or about 1852, but I took a note of the occurrence of 
these and other Nummulites as then preserved in his Collection. 

II. Nummulites vakiolarius (Lamarck). PI. XI. figs. 10-14. 

1804. LenticuUtes variolaria, Lamarck, Annales du Museum, vol. 
V. p. 187, no. 2. 

1826. Nummularia variolaria^ Sowerby, Min. Conch, vol. vi. 
p. 76, pi. 538. figs. 3 (nos. 12-17). 

1854. Nummulites variolaria, B’Archiac et Haime, Monogr. 
Numm. p. 146, pi. 9. fig. 13. 

Nummulina et Nummulites variolaria, auctorum f. 

Small, smooth, lenticular, with a rather sharp edge ; the alar 
extensions are numerous (18-20 visible), distinct, long-triangular, 
nearly all reaching the umbo on the convex faces of the shell ; the 
median chambers are usually about as high as long ; central 
chamber rather large ; the whorls four, regular, increasing slowly. 
Occasional!)^ the septal lines become thickened and raised, chiefly by 
a lessening of the shell-matter along the alar intervals ; and a 
radiately-ribbed appearance is thus given to the shell. A swollen 
condition of the alar extensions also, in some cases, gives a similar 
appearance. See ‘ Min. Conch.’ pi. 538. fig. 3 (no. 16) ; and 
Dixon’s ‘ Geol. Sussex,’ pi. 9. fig. 7. 

The alar parts of the chambers, in x>assing to the umbo, often 
vary from their usual straight line to a gently curved, and even 
falcate form, thus passing from the “radiate'’ to the “ sinuo- 
radiato” type of Nummulite. They rarely interfere one with another. 
The umbo is always conspicuous, and sometimes flattened. The alar 
septa are often strong, but not so thick as in the young N.jplanulaius. 
The latter, moreover, soon loses its convexity between the umbo 
and margin ; in its young state it is “ radiate,” and in the adult 
condition fully “ sinuo-radiate.” See Ann. & Mag. N. H. ser. 3, 
vol. viii. pp. 233, 234. 

* See above, page 138. “No. 16” contains N. variolarius as a characteristic 
fossil. 

t Some remarks by Dr. Ph. De la Harpo on this speciCvS are given in the 
‘Bull. Soc. G6ol. France,’ ser. 3, vol. v. pp. 826, 827 (1879). 
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The dimensions of N. variola rius are : — 



Measurements in j 

millimetres. i 

Number 
of whorls. 

i 

Number of chambers in 
the wliorls. 


Diameter, 

TJjicknes.s. 

1st. 

2iid. 

3rd. 

4th. 

5th. 

Sowerby’s figure (no. 14, "1 
in “ fig. 3 ”) J 

2 




n? 


23 


1 

1 

4 

? 

17 


Stubbington* 

Whitecliff Bay, bed no. 

1 

u 

2 

4 

? 

14 

18 

26? 


16 of Prestwicii s sec- - 

tion t 

Whitecliff Bay, bed no. 

H 

H 

U 


4? 

7 

10 

14 



11 of Brest wich’s sec- ■ 
tion 

King’a-Garden Gutter f , 
NewForest (O.Fisher j . 

Three individuals of a 

p 

n 

H 

li 

4 

1 

4 

? 

13 

15 

20? 


large variety from t he ■ 
Barton Shell-bed 

2 

k 

^ 1 

i 

5 

6 

11 

16 

17 

20 


The three last have a large central chamber ; one has straight, 
another oblique, and another cuiTed alar divisions. 

In the ‘ Catal. Poss. Foram. F. Mus.’ 1882, this species is entered 
as occurring (p. 22) at Alum Bay, in the bed ‘‘no. 29 ” (on the autho- 
rity of Mr. F. Edwards). At page 2Ji-25 are the following : — 
Bracklesham, Barton, and Stubbington, including large, ordinary, 
and small forms ; Erasworth (F. Edwards), probably a wrong 
locality ; Bramsliaw, ordinary and large (F. Edwards) ; Ilighclifl*, 
ordinary and lai-ge (F. Edwards). At p. 26, “ a delicate variety 
like JV. veiiosa,'’ from Ileadon Hill (F. Edwards), is mentioned. 
Also Hunting Bridge and Shepho'^’s Gutter (Bramshaw), New 
Forest, 0. Fisher, Quart. Journ. Geol. 8oc. vol. xviii. pp. 79 and 81. 

In the Quart. Journ. Geol. 8oc. vol. xviii. 1862, the Bev. 
O. Fisher specially notes the occurrence of iV. variolar ius in the 
Bracklesham series at ‘Whitecliff Bay, in his division xvii. (p. 70), 
part of Frestwich’s “no. 16,’’ Quart. Journ. Geol. Soc. vol. ii. 
p. 254 : in xiv. (p. 71 ), part of Prostwich's “ no. 14 ; ” in ix. (p. 72), 
Prestwich’s “ no. IB.’” At Braeklesham Bay (p. 74) in the beds 
numbered 22 and 21 and 20. Also (pp. 77-«B) at Stubbington, 
Hunting Bridge, Shepherd’s Gutter, and King’s-Garden Gutter. 

According to Dr. De la Harpe the N. variolarius of the Barton 
beds of Stubbington and White-Cliff Bay is the same as that of 

* Quart. Joiim. Geol. Soc. vol. xviii. p. 78. 

t Mr. Keeping also has contributed some from this zone of N. variolariust 
which he finds to be 19 feet thick. 

X This is the “Brook ” locality of F. Edwards. 
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jBelgium, and typical. He did not find N. Ileherti (having a small 
central chamber) with it, though accompanying it in Belgium and 
France. 


III. JIuMMUDiTEs D^viOATUs (Bruguicpe). 

This species has been so well described by D’Archiac and other 
authors * that its structure need not be treated of here. It is 
well fignred in the ‘ Min. Conch.’ vol. vi. pi. 538. fig. 1 . 

The range of Nummulites heviyatus in England is limited. The 
Kev. O. Eisher has carefully defined its zones and localities. 
Quart. Journ. Gcol. Soc. vol. xviii. In the Bracklesham series at 
Widtecliff Bay (p. 72) in the bed VII. (part of Prestwich’s 
*‘no. 12”); in VI. (Prestwich’s “no. 11”); in IV. (Prestwich’s 
“no. 9 ”). At BracTclesham Bay (p. 75) in the beds 6 and 4 ; and 
at Bury Cross, near Gosport (Pilbrow). At Alum Bay its zone was 
indicated by Prof. Prestwich many years ago as a lower part of that 
thick bed, no. 29, which also comprises the glauconitic clay with 
AT. elegans. Quart. Journ. Geol. Soc. vol. ii. p. 257 ; but this is very 
doubtful. AT. Icevigatus has also been found in the Wells at Wel- 
lington College and Woking Asylum. 

According to Dr, Ph. De la Harpe the Bracklesham Nummulites 
comprise both M, iLVvigatus and N, Lamarclci, the latter having a 
largo central chamber ; and he thought that they indicate a horizon 
“ at the top of the ‘ Panisclian ’ or at the bottom of the ‘ Brux- 
ellian ’ Stage.” Catal. Eoss. Eoram. Brit. Mus. x>* 91. 

A table of the range of Nummulites in England is given on the 
next page. 


* Dr. Ph. De la Ilarpo (‘ Nuin. Suisse/ 1881, p. 20) lias noticed tliat in hia 
synonymy of this species in. tbo ‘ Prodrome,’ vol. ii. ISoO, ef age, 1302, 
D’Orbigny has by mistake given the name of clcgatis instead of Iwvigatus to 
fig. 1. pi. 538, ‘JVfin. Conch.’ 
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Table of the Range of Nummulites in England* 



Numm. 

variolarius. 

Numm. 
elegant {Brest- 
wichianus). 

Numm. 

IcBvigatus. 

Numm. 

planulatusX 

Hum Ray 

In bed “no. 29”? 

In part of Prest- 
wich’s “ no. 29 ” 
bed. O. Fisher’s 
bed 10 (p. 84). 

In part of Prest- 
wich’s bed “no. 
29”? 



F. Edwards. 


Whitecliff Bay ... 

In Prestwich’s beds 
16, 14. 13. 11 : 
xvii., xiv., ix. of 
0. Fisher’s beds. 

In bed just below 
Prestwich’s 17 bed 
(Keeping) t. 

InPrestwich’abeds 
12, 11, 9. In 
0. Fisher’s beds 
vii., vi., iv. 


BrackHeaham Bay. 

In 0. Fisher’s beds 
22, 20. 

? (F. Edwards). 

In O. Fisher’s beds 
6, 4. 


Bwrtcm tMff 

» 

? (F. Edwards). 



^ighdiff. 

^ j 

« Fisher and 
Keeping. 




1 



^tuhbington 

# 




Hwxtmg Bridge, 
New Forest. 

Ih^heriTe Gutter, 
or Bramsfuaa. 


«■ Fisher and 
Keeping. 



Xinft- Garden 
wUter, or 
Brook. 

«■ 




Hmmorth 

? (F. Edwards). 



* Sowerby. 


1 



EXPLANATION OF PLATE XI. 

Kg. 1. Nimmulites elegans, Sowerby. The largest individual known. 

X 10 diam. From Whitecliff Bay: collected by Mr. Keeping 
(Oeol. Mag. 1887, pp. 70-72). Museum of Practical Geology. 

2. The same. Ordinary' example. X 10 diam. 

8. The same. Vertical section. X 10 diam. 


4. The same. Horizontal section ; from a transparent 
individual in Canada balsam. X 20 diam. ; 


From Bed no. 
“29,” Alum 
Bay. 


t In Prof. Prestwich’s collection several years ago I noted among his 
specimens from Whitecliff Bay, in bed 16, variolarius ; in bed 13 or 12, Icevigatus 
and var. acabra ; and in bed 11, soahra. and variolarius. From Alum Bay only 
N, eiegaTis, from “ no. 29.” 

X A small derived or remani4 specimen of N.planuhtus (near N, Bcucheri, De 
la H.) has been found in the Crag of Suffolk ; see ‘ Foraminifera of the Crag,’ 
part L FaL Soo. 1866, p. 74 &o., pi. 2. figs. 51, 52. 
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From Hunt- 
ing Bridge, 
liewForeat. 


Fig, 6. The same. Ordinary eicample. X 10 diam. 

6. The same. Vertical section of another individual. 

X 10 diam. 

7- The same. Edge vievr. X 10 diam. 

8. The same. Horizontal section. X 20 diam. 

9. The same. Part of horizontal section. X 56 diam. J 

10. Nummulites variolarius (Lam.). Large individual. ^ 

X 10 diam. The dotted line around the figure in- j From the Bar- 
^cates the size of a larger individual. 

11. The same. Large individual. Edge view. 

X 10 diam. 

12. The same. Ordinary variety. Horizontal rection. 

From Bed “ No. IG ” at Whiteoliif Bay. 

\l ?he Ij"™- IProm Bed “ No. 11 

X 10 diam. 




ton 

bed. 


SheU- 


X 20 diam. 


' J at Whitecliff Bay. 


Discussion, 

Tho PjaEsiDENT said that tho rectification of the name of an old 
species was of equal importance with tho institution of a now form, 
and. congratulated Frof. Rupert Jones on having cleared up an 
obscure question. 

Dr. Woodward was glad that Prof. Rupert Jones h d found some 
materials previously unrecorded in the Museum collections. The 
number of specimens exhibited at the new Museum was fortunately 
much larger than formerly in Bloomsbury. 

Prof. Seeley spoke of tho importance of determining the forms of 
Hummulitos, and gave a sketch of their distribution in the British 
Eocene rooks. He also called attention to the variation of the 
different forms. 

The Author said that tho subject of the passage between different 
so-called species of IsTummulites alluded to by Prof. Seeley was very 
interesting. His own view was that aU the forms of Nummulit^ 
passed into each other, the whole genus being in fact one very 
variable species. 
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10. On the Echinotdea of the Cretaceous Strata of the Lower 
Narrada Kegion. By Prof. P. Martin Duncan, P.B.S., P.G.S. 
(Read January 12, 1887.) 

Owing to the kindness of H. B. Medlicott, Esq., P.R.S., Director 
of the Geological Survey of India, I have lately received a consider- 
able number of specimens of Echinoidea, which have been obtained 
from recorded localities, from the Cretaceous formation, in the 
Lower jS'arbada valley. 

A small collection of Echinoidea, Mollusca, and Brachiopoda, and 
a coral are in the Museum of this Society, and they came from the 
neighbourhood of Bag on the Narbada, in the same district whence 
the forms lately received were Ibnnd. This small collection was 
described by me in a communication to this 8ocicty in 1865, 
another collection from 8.E. Arabia being associated with it, and an 
Upper Greensand horizon was given to the strata containing the 
species (Quart. Journ. Geol. Soc. vol. xxi. p. 849). The persistence 
of many well-known European species into the far east was noticed. 
In 1866*, Messrs. Blanford and Wjmne surveyed the Bag district, 
and decided tliat the succession of the Cretaceous rocks was, from 
below upwards, as follows : — 8andstonc and conglomerate, 20 feet ; 
nodular limestone, nearly unfossiliferons, 20 feet ; argillaceous lime- 
stone, fossililerous, 10 feet ; and coralline limestone (Brj’ozoan) 10 
to 20 feet. The relation of these conformable beds in the overlying 
Lam eta beds and the Deccan and Malwa Trap was noticed. 

The Biirv'oyors accepted my decision regarding the ago of the beds 
which had yielded the fossils, namch’ the argillaceous beds near 
Deola and ChiraRhan. In 1868 t a similar liorizon was stated to 
be present in the 8inai area ; it was already known in Algeria ; and 
later on, Eraas and Cotteau discovered it in the Lebanon. 

The little collection from Bag bocar-m very interesting when 
Stoliezka’s great work on the Echiiiodermata of the Cretaceous rocks 
of S. India was published ; for none of the more northern forms were 
discovered by him. Yet the presence of the same geological horizon 
in S. India was placed beyond a doubt. (Pal. Ind. 1873, Cret. 
Eauna, vol. iv. 3, ser. 8, 3.) 

In 1880 the trigonometrical survey having been completed, and a 
first-class map of the Lower Narbadji valley having been published, 
the Geological Survey of the district was seriously entered upon, 
the work of Blanford and Wynne being the basis. Mr. Bose was 
ordered to pay especial attention to the fossiliferous strata and 
the igneous rocks. The results of this survey were published 
in the Memoirs of the Geological Survey of India, vol. xxi. pt. i., 

* Mem. Geol. Surv. India, vi., ; see also Blanford, Geol. Bombay, Records 
Geol. Survey India, vol. v. pt, 3, 1872, p. 82. 
t Quart. Journ. Geol. Soc. vol. xxiii. p. 38, and vol. xxv. p. 44 (1869). 
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1884, by P. N. Bose, B.Sc. (Lond.), F.G.S. Mr. Bose collected 
fossils in abundance, from the Nodular limestone, the Argillaceous 
limestone or marl, and also from the Coralline limestone. He found 
an 0.'?^r^ir^-bed on the top of the sandstone mentioned by Blan- 
ford, and his palaeontological researches and stratigraphical results 
led him to adopt the following views : — 

The age of the Sandstone is not settled, but the Ontrea on the top. 
he believes to bo O. Leymerii, d’Orb. ; it is Neocomian in Europe. 
The Nodular limestone rests contVmnably upon the Ovfrm-bed and the 
Sandstone, and some of the same OMre<v are found in diminishing 
numbers in it. The Nodular strata INlr. Bose assigns to the Gault in 
one part of his work, and to the Alhian and part of the Cenomanian 
in another. The Argillaceous limestone rests eonlbrmahly upon the 
Nodular series, and contains Ihe species formerly described in Quart. 
Journ. Geol. Soc. 1805, which Avero collected hy Captain Keatinge. 
To this horizon Mr. Bose gives the correct names of Cenomanian 
with part Turonian. The Coralline limestone r(\sts upon the Argil- 
laceous limestone conformably, and after an examination of its 
fauna, Mr. Bose decides that it is Senonian in age. Mr. Bose, I 
regret to state, writes about the determinations of the species having 
been made by him “ roughly ; " and it became evident, after studying 
his memoir, that there were not sufficient grounds for believing that 
the Avholo Cretaceous formation was represented in about 80 feet 
of conformable strata, the Avbole of the series from the Gault or 
Albian, to ihe Senoriian inclusive, folloAving conformably upon a 
Neocomian. 

As Mr. Bose recognized some of the Echinoidca I had noticed, 
and as there was a good collection made from all the horizons, ex- 
cept the so-called Neocomian, I a]>plicd to Mr. Medlioottfor the loan 
of the Echinoidca, with a A'iew of describing them in the llccords of 
the Geological Survey of India. Mr. Mcdlicott sent me the collection, 
as also one made by Mr. Blanford many years before, and that 
of Captain Keatinge, which had been placed in the Museum at 
Calcutta. The fossils in the Museum at Calcutta which had been 
collected many years ago hy Captain Keatinge, came from the 
Argillaceous limestone or marl, and therefore were from the same 
strata, as those which had been studied hy me in 1 MG5. Unfortunately 
this little grouj) of well-proserA^ed sj)ecimens Avas not studied hy the? 
last surA’cyor of the Cretaceous rocks, nor does it appear that he 
made himself acquainted Avith the forms which had been collected 
by Mr. Blanford. But Mr. Bose found some species in the collection 
which he made, and which T had not seen in the marl. In order to 
arrive at the truth Avith regard to the Echinoidca, I re-examined 
the collection in the Museum of this Society, and found that only 
one species required further consideration. It appeared to mo that 
although the general shape of tho Echinohnftsus warranted the 
specific name I had given it, the details of the ambulacra were 
insufficiently seen. These details are well shown on a specimen 
which Mr. Bose obtained from the same horizon, and there is no 
difficulty in recognizing the pctaloid condition of the postero- lateral 
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ambulacra which characterizes Cotteau’s Echinohrissus Ooyheti from 
the Cenomauiau of the Lebanon. 

I do not propose to alter the dctennmations of any of the other 
species of Echinoidea and MoUusca. The late Mr. Davidson was 
good enough to determine the Brachiopod to be liki/nehonelhi depressa^ 
Sow., and this common Upper-Greensand species was found accom- 
panied by a coral, Thamnastreva deeipiens, Mich., from the same 
horizon. The commonest species in the collection in our Museum 
is Hemiaster cenomanensis, Cott., and the only apparent distinction 
between the type from the Prcnch Cenomanian and the forms from 
the Bag beds is that the posterior ambulacra in the specimens from 
India are not quite so broad as the others. All the specific characters 
are present. Hemiaster similisy d'Orb.', is not uncommon, and two 
specimens are in our small collection. The identit}" of the French 
and Indian species struck me very forcibly, and the species is really 
ii very distinguishable one. Hence the former determinations bold 
good except in one instance, and the necessary alteration strengthens 
the view of the Upper-Greensand horizon of the beds which yielded 
the fossils, or rather, as I put it, of the existence at Bag of a horizon 
from the top of the Gault to the base of the Chalk with flints. 

The collection from the Museum at Calcutta was then investigated. 

The first fossil examined was an exquisite Salenia, belonging 
to the group with very narrow ambulacra, and which has the two 
vertical rows of ambulacral primary tubercles so closely jdaced 
that there is no room for more than an occasional granule between 
them, in fact to the “ petalifera ’’ or scutigera ’* group. The apical 
disk of the Indian form is ornamented with ridges and furrows 
in the usual radiating manner. But the species is not a new one, 
for it was recognized and described by the industrious and exact 
M. Cottcau in the collection obtained by Fraas in the Lebanon. 
Ootteau called it Saleniu Fraasi, and it W’^as found, in the first 
instance, in the Cenomanian deposits of the Lebanon. (‘ Ech. nouv, 
ou peu connus,’ ser. fasc. 4, 1885, p. 59, pi. 8. figs. 1-5.) 

There are numerous specimens of a Cyphosoma in the collection, 
and they are readily to he identified with the well -characterized 
Cypliosmna cenomanensis, Cottcau, from the French Cenomanian. 

The other specimens are IJvmiaster cenomanensis and similis. 

Mr. Blanford’s collection was from the marl near Dussai, 15 
miles west of M andoo, and many sx>ecimens came from the Coralline 
limestone at Chirakhan. 

The specimens which could be named belonged to Hemiaster 
cenomanensis and H. similis. Hence Mr. Blanford has given us the 
evidence that there is a community of species between the marl and 
the overlying and conformable Coralline limestone. 

Mr. Bose^s collection from the marl was next examined. The 
two Hemiasters were found and also the Cyphosoma already men- 
tioned. The EcTiinohrissus is named, according to Mr. Bose, on my 
authority, but I did not see it until a few weeks ago. Mr. Bose, 
however, gave me the opportunity, when I examined his specimen, 
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of correcting my former determination ; and the species is Echino^ 
hrissus Goyheti, Cott., from the Cenomanian of the Lebanon. Several 
fairly well-preserved parts of a Cklaris were collected by Mr. Bose, 
and one or two belonging to the same species had been collected by 
Captain Keatingo and placed in the Calcutta Museum. These 
Mr. Bose considers to belong to Cklaris cenomanr.nsis, Cotteau ; but 
there are well-marked specific distinctions present, although the 
narrow ambulacra have four rows of interporiferous granules and 
the median suture is sunken in the interradia. The excessive size 
and irregularity of the warty granules beyond the scrobicular 
circles, and the proximity and large secondaries of these last- 
mentioned structures, are sufticient to sc])aiate the species, and, 
moreover, the Indian form is a large one. Mr. Bose was (juitc 
right in placing the form near to C. ceaomandnsls. It has been 
necessary to estabUsh a new species for the form Cidarls nama- 
die as ^ nob.* 

An Orthopsis was found and recognized by Mr. Bose, and he appears 
to consider that it is O. slmiJls, StoL, described from the Arrialur 
strata of S. India. But there are spoeilic ditferences ; the Bag 
form has two of the radial plates not entering the ])criproctal ring, 
and the Jiumcrous rows of primaries do not extend so far up above 
the ambitus as in >Stoliczka's species. The otiier supposed specimens 
of Orthopsis collected by Mr. Bose belong to the genus CUfpJiosonia. 

It will have been observed that the Argillaceous limestone lias 
a very interesting fauna, and it appears that JSucleoiitcs sindiis also 
occurs as a variety, and this species of d’Orbigny brings the beds into 
relation with the Chloritic Marl of Europe. 

The Echinoidea of the underlying iN’oduiur limestone were next 
examined, and only two species could bo identilied from Mr. Bosoms 
collection, and they are common. They are the two llemiasters, 
II, cenomanensls and If, sindiis, the commonest Ibrms in the con- 
formable marl above. There are no Gault or Albiaii species present, 
and there are no stratigraphical data which will permit of tho 
division of the few feet of beds into a Gault or Albian and a 
Cenomanian. 

The Coralline limestone, which is above and conformable to the 
Argillaceous limestone, contains tho following species : — Cidaris 
namadicus, nob., which also occurs in the Argillaceous bods below ; 
CypJwsoma ceiwmancnse , which has a similar vertical distribution ; 
Nucleolitcs similis, var., Uemiastcr cenomatmisis, and H. similis : all 
these arc met with in tho limestono below, and the two Hemiasters 
are also found in tho JNodular limestone. 

Messrs. Blanford and Wynne, and also Messrs. Medlicott and 
Blanford, in the ‘ Geology of India,’ considered that the Modular 
limestones, the marl, and the Coralline limestones belonged to a con- 
formable group, with a fauna indicating one Cretaceous horizon, and 
the oxamination of the collections of Echinoidea proves that these 
views are correct. 

The ago of the Ostrea-\)odi at the base of tlie Nodular limestone 
* About to be described in the Beuords of the Gteol. Survey of India. 

Q. J. G. S. No. 170. M 
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is not considered in this communication ; for the specimens have not 
been examined in Europe. 

The following is a list of the species of Echinoidea found in the 
Cretaceous series of the Lower Narbadd Valley : — 


Name, 

Nodular 

Liime- 

Btone. 

Marl. 

Coral- 

line, 

Foreign. 

Cidaris namadicus, sp. nov 



* 


Salenia Fraasi, Cott 


# 


Lebanon, 

Cenomanian. 

OyphoBoma cenomanense, Cott. 

Orthopsis indicuB, sp. nov 


* 


France, 

Cenomanian, 

Echinobrissus Goybeti, Cof,f. ... 


* ! 


Lebanon, 

Cenomanian. 

Nucleolites similis, d^Orh., var. 


* ! 

1 

* 

Europe, Ch. 
Marl . 

Hemiaster cenomanensis, Coff. 

* 

* I 

1 

* 

France, 

Cenomanian. 

Hemiaster similis, cTOrh 

* 

■» 

* 

France, 

Cenomanian, 


Discussion. 

Prof. Agassiz complimented Dr. Duncan on the work ho had 
done on Echinoderms for the Geological Survey of India. 

Mr. Sladen considered it was undesirable that palajontological 
work should be criticized by any one who had not studied the actual 
materials upon which it 'was based. Prom his personal acquaint- 
ance with Dr. Duncan’s extensive knowledge of the Echinoidea, he 
had full conlidencG in aceex)ting the important deductions which the 
Author had laid before the Society. 

Dr. JIlanpori) explained the circumstances under which the 
hurried survey made by Mr. Wynne and himself was carried on around 
Bag in the month of May, the hottest season of tlie year ; it was 
consequently not surprising that some of the conclusions had to be 
modified. On the other hand, he had alreadj" suspected that the 
palaeontological evidence adduced by Mr. Bose in favour of referring 
the three limestone beds and the underlying sandstone to four dis- 
tinct stages of the Cretaceous system was insufficient, and he was 
not surprised to learn that Prof. Duncan had found Mr. Bose’s 
views to be untenable. 

The most interesting point was the additional evidence of the 
great difierence between the fauna of Bag on the one hand, and that 
of Trichinopoly of the same age on the other, the former being Euro- 
pean, the latter containing a small percentage only of European forms. 
This supported the view already urged by the speaker that in Cre- 
taceous times a land-harrier extended from India to South Africa. 

Mr.WHiTAXBR said that in west Norfolk the whole of the beds from 
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Lower Greensand and Middle to Upper Chalk were to be found within 
80 feet of vertical distance. 

Dr. DiTErcAisr, in reply, said that the statement in the Memoir of the 
Geological Survey of India was, that the series from the Lower Green- 
sand to the Upper Chalk inclusive was comprehended in 80 feet. 
In the English example there is a great difference between the fossils 
of the various strata ; this is not the case in the Bjig beds. 



166 


MB. K. LTBBEKEB ON BlNOSAtTBIAN VBBTEBB-ffl 


11. On certain Dinosattbian Vbrtebb.® / rom the Cbetaceobs of India 
and the Isde of Wight. H. Lydekkee, Esq., B.A., E.G.S., 
&c. (Bead Januarj’ 12, 1887.) 

In the year 1877 I j)ublished * a preliminary descrii)tioii of certain 
Dinosaurian remains obtained from the Lameta grouj) of the 
Jabalpur district of India, to which I applied the name of Titano'- 
saurus indicus. The Lameta beds, it may be observed, have been 
usually referred to the Middle Cretaceous (Upper Greensand), but 
later observations indicate that they may be of somewhat newer age. 
The remains on which the genus was founded are preserved in the 
Indian Museum, Calcutta, and comprise an imperfect femur, and a 
considerable number of late caudal vertehrje, together with one 
imperfect vertebral centrum from an earlier part of the series. In 
a later memoir t I gave figures of some of the more important of 
these specimens, and came to the conclusion that the vertebrae in- 
dicated two species, for the second of which I ])roi)Osod the name of 
'I\ Jilanfordi, adding the proviso that this form might eventually 
turn out to be generically distinct from 2\ indicus. 

Both these types of late caudal vertebrae are characterized by 
their strongly procoelous centra, to the anterior half of which the 
anchylosed neural arch is confined ; and in the one x>Grfoct 6i)ecimen 
of T. inclicvs the arch carries two well-marked xmocesscs, one of 
which is directed anteriorly and the other i)osteriorl 3 ’. The pre- 
axial process is bifurcated anteriorly, and bears a i)air of x>rczy- 
gapophysial facets ; while Ihe liindcr one, which (judging from the 
caudal vertebra) of the HiH*rm-Whale and of certain other Dinosaurs) 
I think includes the representative of the neural sx)iiic$, is single, 
and carries the postzygapophyses. In 7\ indicus the luemal aspect 
of the bone xmesents two X)airs of Y-shaj)ed ridges, on the extremities 
of each of Avhich are ii i)air of well- defined facets for the attach- 
ment of chevron-bones, which look directly downwards ; while the 
centrum is relativelj" short, with its ha mal surface ifiaced nearly 
at right angles to the lateral surfaces and characterized by its 
extreme lateral compression. In the form to which the name T, 
J3lfm fordi has been applied the ceiitrum is larger and subcylindrical, 
and the haemal and lateral surfaces aie not distinctly difi'erentiated 
from one another, the ridges on the former surface arc not i)re8ent, 
and the facets for chevron-bones are either very indistinct or totally 
wanting. 

These two types of vertebrae ap]>cared to mo to come nearest to 
those of Oetiosaurus and ihe so-called Pelorosau?'us of the English 

* Kec, Q-eol. Surv. Ijid. vol. x. p. 38 (1877). One of the specimens had been 
previously described and figured (without name) in Falconer’s ‘PulaKjntological 
Memoirs,’ vol. i. p. 418, pi, xxxiv, figs. 3-h. 

t ‘ PalfiBontologia Indica ’ (Mem. Goul. Surv. Ind.), ser. 4, vol. i. pt. 3, p. 20. 
pis. iv. & V. (1879). 

X Many writers adopt a different view in describing analogous specimens. 
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Wealden, in which the centra are amphicoelous ; and also to those 
of the much smaller Macmrosauma * from the Cambridge Greensand, 
in which there is a, .slight procoelous character in some parts of the 
series, and distinct facets for chevron-bones are wanting. Their 
extreme procoelous character seemed, however, so peculiar that at a 
later date t I thought myself justified in assigning Titanosaurus to 
a new family of the Sauropoda. 

Thus the matter stood till some few months ago, when Mr. W, 
Davies, of the British Museum, directed my attention to two 
vertebra] centra in the Collection under his charge, which had been 
obtained by the late Mr. Eox from the Wealden clay of Brook 
in the Isle of Wight. These centra, as Mr. Davies pointed out to 
me, agree in general characters with those of Titemosaurus^ and 
almost certainly belonged to a closely allied form. The least imper- 
fect of the two specimens, which is figured (with the neural arch 
restored) in the accompanying woodcut, comprises the whole of the 



Caudal vertebra of a Dinosaur, with the neural arch restored; from the 
Wealden of Brook, Isle of Wight, ^ nut, size. British Museum (No. 
R. 151). 

centrum and the base of the anchylosed neural arch. The two 
extremities are somewhat rolled and water-worn, and have thereby 
lost somewhat of their original roundness ; but in general contour, 
as well as in size, in the form of the articular surfaces, in the position 
of the base of the neural arch, and the apparent absence of distinct 
facets for chevron -bones, this specimen agrees very closely with the 
centrum of Titanosaurus Blanfordi represented in pi. v. fig. 3 of 
the memoir in the ‘ Pala^ontologica Indica ^ which has been already 

* Seeley, Quart. Joum. Geol. Soc. vol. xxxii. p. 440 (1870). 

Palieontologia Indica, ser. 4, vol. i. Introductory Observations, p. v 
(1886). 
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quoted. The centrum is, however, more compressed in the English 
specimen, while the hssmal and lateral surfaces are distinctly- 
differentiated from one another, and the former surface carries a 
pair of Y-shaped ridges resembling those of T, indicua. The 
specimen is in fact very nearly intermediate in character between 
the figured vertebrae of T. Blanfordi and T, indicus. The abrasion 
of the rim of the articular cup shows that the internal structure 
of the bone is coarsely" cancellous. The second specimen (No. R. 
146 d) comprises the anterior half of the centrum of a slightly 
smaller vertebra, and has been but little rolled. Ihis specimen 
shows on the ventral aspect the well-marked V-shaped ridges so 
well displayed in the t 3 'pe specimen of T, indicus but lacks the 
distinct chevron- facets of that form. 

We may then, I think, consider it most probable that the 
English specimens indicate the occurrence in the Wcalden of a 
Dinosaur closely allied to Titanosaui'us ; and it now remains to 
consider whether, in the first place, they can be referred to any 
genus already described from those beds, and, in the second xdace, 
whether or not they should be regarded as generically identical with 
one or both of the Indian forms provisional!}" included in the above- 
mentioned genus. 

With regard to the first question, among the large Dinosaurs of 
the Wealden the caudal vertebrae of Jguanodon and its allies are of 
a totally different type from the present specimens ; while equall}’ 
different arc those of Ceiiosaurus (with which may be grouped the 
so-called PeJorosaurus\ as well as those of Meyalosaurus^ in both of 
which genera the centra have either flattened or slightly hollowed 
articular surfaces. Turning, however, to the gigantic Oniithopsis, 
we find that the caudal vertebra? have not been hitherto known f, 
and there is accordingly a strong prwnd facie presumption that 
the specimens under consideration maj" behuig to that genus. 
The nearest allies to Omithopsis are certain North -American 
Dinosaurs included in Marsh’s Haurojjoda such as Brontosaurus, 
Morosaurus, Camarasaurus, Amphicoplias, &c. ; in these, while the 
juecaudal vertebra? have cavities in the centrum like those of Orni- 
thopsis, those of the caudal region are solid. Apparently in all the 
American forms the contra of the, caudal vertebra? are amphicoelous, 
while those of the cervical region are opisthocailous ; since, how- 
ever, in some genera, such as Camarasaurus §, the dorsal vertebrae 
are opisthoca?lou8, like those of Omithopsis, while in others, like 
Amphicoelias ||, they are amphica?lous, there is apparently no 
reason why similar variations should not also occur in the caudal 
region of other members of the group. In Brontosaurus, where 

* Pala?ontologia Indica, ser. 4, vol. i. pt. 3, pi. iv. fig. 1. 

t See Hulke, Quart. Journ. Qeol. Soc. vol. xxxvi. p. 3(1. There apparently is 
no reason why the amphicoelian vertebra? there mentioned should not belong 
to CeHosaurwt, since they agree closely with the specimens from the Great 
Oolite figured in Phillips’s ‘ Geology of Oxford.’ 

1 See Marsh, *Amer. Journ.’ vol. xxiii. p. 83 (1882), and vol. xxvii. p. 167 
(1884). 

§ Proc. Amer. Phil. Soc., Dec. 21, 1877, p. 237. |( Ibid. p. 243. 
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the dorsal vertebrae are amphiccelous, Professor Marsh’s * figure 
and description show that the hinder caudals have neural arches 
of the precise type of those of Titanosauriis, while the form of 
the middle part of their centra is apparently very similar to 
that of the specimens under consideration. In Camarasaur^us, 
again, the centra are laterally compressed as in Titanosaurzis 
indicusy although the facets for the chevrons are less strongly 
marked. Oamarasaur'us and Amphicoduis^ it may be observed, are 
of Cretaceous, while Brontosaurus is of Jurassic age. The suborder 
Sauropoda is taken to include Cetiosaurus, which, although none 
of the vertebral centra are hollowed, is evidently allied to Orni- 
thopsis ; while it is probable, judging from the structure of the 
caudal vertebrae, that Macrurosaurus should also bo placed in the 
same division. There appears therefore to bo at least a consider- 
able degree of i>robability that the Wealden vertebrai may belong 
to Oniithopsis ; and if they do not it is pretty certain that they do 
not belong to any other previously known English genus. 

With regard to the second question — i. e. whether these vertebrae, 
which may bo provisionally referred to Orniihopsis, are generically 
identical with one or both of the two forms described under the 
name of Titanosaiu'us — ^thcre is far less possibility of arriving at 
present at any very satisfactory conclusion. It will, however, 
be safe to sa}^ that if the characters which distinguish the vertebrae 
of Titanosaurus imlkus from those of T. Blanfordi eventually 
prove to be of not more then specilic value, then th() English 
vertebrae might well be also generically identical, in which case 
Titanosaurus should be merged in Ornithopsis. If, however, on the 
other hand, the vertebrae described under the name of T. Blanfordi 
should turn out (as it is highly likely that they will) to be 
generically distinct from T. indiems, then there would also bo very 
considerable x)robability that the Wealden specimens are likewise 
generically distinct from both the Indian forms, although their 
relationship appears nearest to the form called T. Blanfordi. 

Under these difficult circumstances tho only ]>rudent course is to 
consider that we have evidence in India and Europe of three appa- 
rently closely allied Dinosaurs clearly marked off from all other 
described forms by their strongly procoelous later caudal vertebrae, 
and for the present to retain the generic name Titanosaurus for tho 
type Indian species, to refer the Wealden form provisionally to 
Orniihopsis, and to leave it open whether the form to which the 
name Titanosaurus Blanfordi has been applied is generically iden- 
tical with one or other or even both of these forms, or whether it 
should foi-m the type of a third genus f. 

In conclusion, it may be observed that the occurrence in the 

* Amer. Journ. vol. xxvi. pi. i. (1883), and vol. xxi. p. 420 (1881). 

t In my description of Titanosaurus I mentioned a larger vertebral centrum 
v?hich I regarded as procaudal and procoelous. Since, however, similar vertebrie, 
which are opisthocoelous, occur at Brook, the two types may respectively 
belong to the early caudal region of the Indian and European Dinosaurs, 
as the Crocodilia and Macrurosaurus show that the form of the articular surfaces 
of the centra may vary in different parts of the caudal region. 
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ia^er Cretaceous of India of two species of Dinosaurs apparently 
^closely allied to one from the lowest Cretaceous of Europe seems to 
l>e another instance of the survival in India of allied or identical 
generic tj^es to a date after they had disappeared from Europe. 
A somewhat similar instance is afforded by tbe occurrence of Mega- 
losaurus in the Arrialur group (white chalk) of Trichinopoly in 
Sonthem India * — that genus being mainly characteristic of the 
■Wealden and Stonesfield Slate, although lingering on to the 
Maestricht beds t — and also by the oft-quoted Siwalik fauna. I 
may also observe that if the Wealden vertebra? really belong to 
Ornithopsis, then we sli.all have good evidence of the distinctness 
of that genus from the North- American Cainarasnariis, with which 
it has been identified by some writers — a distinction which might, 
I think, justify the reference of the English genus, together with 
Titanosaurus^ to a separate family, the Ornitliopsidae. 

Finally, I may exj^ress a hope that the Officers of the Geological 
Survey of India will direct their attention to the .acquisition, from 
the Lametas of Pisdura, of other remains of Dinosaurs which may 
include vertebra? of the prccaudal region, and thus indicate the true 
relationship of TitanosaKrna to 


Disousston. 

Prof, Seeljst regretted the absence of the Author. Th(‘ vertebra 
OB which THanosavrxis was founded had long been known in Eng- 
land, hut was considered insufficient to enahh' tlie relations of the 
aninnal to I)0 deterniiiied. The lemur had not heeii figured. The 
characters of the vertebne were insufficiiTit to show that there was 
any affinity to and l \ loroMiftrHs was only a sj»ccies of 

Cetiosain'HS. The sjieakcr consi<]ered that tlu' vertebne from the 
Isle of Wight were .also insufficient for ideiititic.ation. The facets 
supposed to be those for the attuchineiit (»f chevron-bones look(?d for- 
ward and outward, so that it Avas very (piestionable whether they 
were facets at all. 

The affiliation to Ornithopsia rested on insufficient evidence. There 
was more similarity with Macruro,^(ntrvs\ but the centrum in that 
genus is cylindrical. Although a large, portion of the caudal region 
of the vertebral column of Mticruramirras was known, its affinities 
were very doubtful. 

Wr. Huuke concurred with the Author in thinking that the close 
similarity of the Indian .and the Isle-of-Wight vertehrm Avarranted 
the assumption of a generic, if not sjiccific identity. Ho had never 
(nor, he belicAxd, had Hr. Fox) found these ' vertebrae in the 
beds hitherto yielding the remains of Ornithoj^sisy and be was in- 
clined to regard their reference to this Dinosaur only as ijrovisional, 
the Anew taken, be understood, by the Author. 

♦ Paiaeontologia Indica, ser. 4, vol. i. pt. .*?, p. i2(k 
t Vide Seeley, Quart. Journ. (teoJ, Soc. vol, xxxix. p. 2411 (1883). 
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12. On a Molar of a PLioosisrE Type of Eouirs from Nubia. 3y 
K. Lydekker, Esq., B.A., E.G.S., &o. (Read December 15, 
1886 .) 

A SMALL collection of mammalian remains, obtained during tbe 
late Soudan exi3edition by Brigade-Surgeon Archer at Wadi Haifa 
and other places in Nubia, has been submitted to my notice by Dr. 
Woodward. Many of the specimens are evidently of comparatively 
recent origin ; but those from Wadi Haifa are in much the same 
mineral condition as the bones from the Upper Pliocene of the 
Val d’Arno in Tuscany, or the Lower Pleistocene of the Narbada 
valley in India. Among these remains are several specimens 
belonging to a large sx)ecies of Bos or allied genus, which do not 
admit of any attempt at specific determination ; but they also com- 
prise an upper molar of an Equus^ which is of very considerable 
interest. 

It may be well to recall that so long ago as 1865 the late Dr. 
Falconer described, in the Society’s tToumal^, i)art of the left 
maxilla of a Hippopotamus obtained from fluviatilo beds at Kalabshi 
(Kalfibshee or Kalabsheh), a village situated on the Nile a short 
distance above the first cataract at Assouan, and about 150 miles 
north of AVadi Haifa, 'which is at the second, or great cataract. 
Dr. Falconer referred his specimen, "which he observed was in the 
same state of mineralization as the Yald’Arno fossils, to the existing 
H, ampliihhis, although remarking that it agreed in size with the 
teeth of the Pliocene Val d'Arno form, which at that time was 
regarded as specifically distinct. 

The specimen forming the subject of the present communication 
(figured from the crown -surface in the accompanying woodcut) 



Equus, sp. A right upper cheek-tooth (? m.\), from the Upper Tertiary of the 
Nile valley at Wadi Haifa, e anterior, and / posterior inner pillar. 

consists of a right ui^per cheek-tooth, which, from its comparatively 
small size, is probably the first or second of the true molar series, 

* Quart. Joum. Geol. Soc. vol. xxi. p. 673. See also the writer’s ‘Catalogue 
of the Fossil Mammalia in the British Museum,’ part h. p. 279, No. 40855 
(1885). 
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«acl is ih a comparatively early stage of wear. The small antero* 
posterior diameter of the anterior inner pillar (^), and especially the 
^ght production of the part of this pillar placed posteriorly to the 
“ neck," or point of junction with the main body of the crown, indi- 
cates that the specimen does not belong to any of the later Pleistocene 
or recent species of the genus, but to that more generalized group 
comprising E. sivalensis of the Pliocene of India, and E, Sienonis of 
the Upper Pliocene of the Val d’Arno and Algeria and of the Norfolk 
Forest- bed*. With regard to the upper cheek-teeth of those two 

forms, which Dr, Porsjth-Majorf regards as identical, it appears that 
in the former the crown-surface of the antero-internal pillar is on the 
average decidedly more elongated than in the latter and that it 
has a greater tendency to the production of its anterior extremity 
in advance of the neck," in which respects it makes an approach to 
E. quafjgo 'ules^ F.-Major §, and is there])y connected with the recent 
species of the genus. Now in the form and connexions of the 
pillar in question the Nubian tooth agrees so exactly with the 
Indian species (being, indeed, absolutelj' iindistiuguisliable from the 
first true molar of the maxilla of the opposite side represented in 
pi. xiv. fig. 2 of the ‘ Palseontologiu Indiea,’ ser. 10, vol. ii.) that, 
if found in India, it would bo unhesitatingly referred to that 
species. 

Wheu, however, ^ve call to mind the apparent irai>ossibility of 
distinguishing many of the existing species of the genus by their 
teeth alone, it 'would be rasli to say that tlie Nubian fossil belonged 
to E, sivalensis ; and it will accordingly be advisable to regard it 
as apparently indicating the occurrence in that region of a species 
belonging to tVie same group, and also as affording pretty conclusive 
evidence that the ossiferous beds of Wadi Haifa, and probably, 
therefore, those of Kalabshi, are either of Lowest Pleistocene or of 
Upper Pliocene age, since this group of horses, both in Europe and 
Algeria, and in India is unknown after the period of tho Norfolk 
Forest-bed, which is either lowest Pleistocene or highest Pliocene. 

The specimen is, however, of interest from another point of view. 
I have previously expressed an oi>inioiJ jj that the modern African 
genera, found in the Pliocene of India, may have reached Africa by 
way of the Gulf of Aden ; and it is therefore of especial interest to 
find in the Tertiary of Nubia a member of tho primitive group of 
the genus Eqtms, which is apparently more nearly allied to the 
Siwalik than to the European sj^ecies. The occurrence of Hippo- 
potamus amphihius in the same dex^osits indicates, however, that the 
early fauna of this part of Africa was also connected with that of 
Pliocene and Pleistocene Euroi)e, although this connexion was, 
perhaps, not so close as in Algeria, where we find in the Pliocene 

♦ See ‘ Cat. Foss. Mamin. Prit. Mus.’ pt. iii, p. 71 (1880). 

t Quart. Journ. Geol. Soc. vol. x3i. p. 2 (1885). 

f Compare the figures given by the writer in the ‘ Paloeontologia Indica/ 
ser. 10, vol. ii. pi. xiv., with those given by Forsyth-Major in his “ Geschichte 
der fossilen Pferde, etc." (Abh. echwz. pal. Ges.), pis. i., ii. 

§ Op. cit. pL ii. 1. 

j Quart. Jouni. Geol. Soc. vol. xlii. p. 175 (1886). 
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teeth which axe undoubtedly referable to Equus Stenmis acoompanied 
by others which not improbably belong to Ele^Jias meridionaUs 
If further collections of mammalian remains should eventually 
reach us from the valley of the Upper Nile, I think we may con- 
fidently expect that they will afibrd important information with 
regard to the relations of the Pliocene faunas of India and Europe 
with the existing fauna of Afiica. 

[P.S. — The observations of Urs. Woodward and Blanford men- 
tioned below, in regard to the remains of Deer from the Wadi Haifa 
beds, lend support to the view taken above as to the comparative 
antiquity of those deposits.] 


Discussion. 

The PuEsiDENT remarked that all the materials for the evening^s 
work had been sui)plied from the British Museum (Natural History). 

Dr. Woodward spoke of remains of Deer and Bos which appeared 
to be in the same mineralized condition as those of Equxis ; they were 
well-fossilized bones from high above the present Nile level, and 
were probably of Tertiary age. 

Dr. Blanrord si>oke of the occurrence of fossil Deer in Nubia as ex- 
traordinary, since the tame Deer now only occur in North Africa, none 
east of the Sahara, where the Deer are reidaced by Antelopes. The 
link shown with Indian Tcrtiarics was important. The fact recently 
ascertained by Mr. Lydekker that true Baboons existed in Pliocene 
Biwalik beds and even lutci% showed a resemblance between the 
Indian and African fiiiinas. All this x)ointed to a difierent distri- 
bution of land during the late Tertiary i)eriod in the Persian Gulf 
and Btraits of Bab-cl-mandeb. Signs of dejiression may even now 
be seen in the former. 

Dr. Hicks j)ointod to the three stages of devclojiment shown in 
the drawings of teeth exhibited, and asked, whj^ do we find a higher 
form in association with a lower ? 

Mr. E. T. Newton remarked on the little that w^as known of 
fossils from that jiart of Africa, and thought the Deer- antler alluded 
to by Dr. AV oodward even more interesting than the Horse’s tooth. 
The teeth of the Itecent and Pleistocene Horses w'ere extremely 
difficult to distinguish, and he thought the tooth exhibited might 
have belonged to one of the existing African species. AYas there 
any other evidence as to the iirobable age of the beds ? The 
Deer would seem to indicate earlier beds than could be inferred 
from the presence of the Horse. 

Dr. Woodward observed that the remains came from different 
deposits, but the piece of Deer’s antler was certainly associated 
with the tooth of Horse. 

The President said that amongst some remains brought from the 
Soudan was a tooth decided to have been that of a very large 
Antelope. 


See * Cat. Foss. Mamm. Brit. Mas/ pt. iv. p. 108 (1886). 
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The AimroK, in reply, remarked that Eqwiis Stenonis, in Algeria, 
is associated with the remains of Beer. E, Stemni^ is intermediate 
between Hipparion and E, cahaUiis ; but it is impossible at present 
to say where the evolution connecting these forms took place. He 
concluded that the evidence was in favour of the species being ono 
of those which disappeared towards the close of the Pliocene period. 
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13. The Terbaces of Rotomahana, N. Z. By Josiah Martin, Esq., 

E.G.S., Auckland, N. Z. (Read February 9, 1887.) 

The destruction, by explosion connected with the eruption of 
Tarawera, 10th June, 1886, of the world-renowned Terraces of 
Rotomahana invests with a melancholy interest the subject of this 
palmer. A calamity so complete and overwhelming that not a 
vestige of these magnificent monuments of Nature’s architecture 
remains to mark their site, has called forth exj)ressions of sincere 
regret, not merely from the inhabitants of New Zealand, but also 
from every student of Nature’s phenomena, every lover of the 
picturesque and beautiful, as well as from every casual visitor to 
this wonderful district. 

As the chief centre of attraction to tourists through the Hot-Lake 
district, the Terraces of Rotomahana have been frequently described. 
Poets, men of science, and historians have endeavoured to express 
in varied language ilie impressions which these unique structures 
have produced upon them, while })aiuting and photography have made 
known to some extent their delicacy of colour and variety of form. 
Most of the writers have, liowever, admitted their inability to 
give, from a, rapid survey of the wliole, more than a brief and 
incomplete description. In fact nothing beyond a generalized or 
vague idea could be acquired, except by a prolonged residence on 
the spot, a close familiarity with the place in all its varying aspects, 
a continuous study of the marvellous range of phenomena, and an 
intimate acquaintance with and patient observation of their 
periodicity and more salient characteristics. 

The largest and most important structure, but lately so well 
kiiOAvn as the White Terrace, was of very recent geological formation. 
Its origin, the Terata Geyser, Avas situated in a crater-like hollow 
near the centre of a conical hill of steaming and partially decom- 
posed felspathic tuff' on the south-east side of the warm lake lioto- 
mahana. Outspreading fan-like from its cauldron, 100 feet above 
the lake, and descending b)" terraced steps of white sinter in a sector 
of 00° to a broad flat of indurated mud, it encroached upon the lake 
with a wide sweeping curve measuring 800 feet (see fig. p. 167). 
The distance from the apex to the frontage was etjual to a radius 
of 800 feet, and the measurement gives an area of about 320,000 
square feet or about 7^ acres. 

The Terrace was divided by marked differences of structure and 
elevation into : — 

1. The Upper Terrace, with its long horizontal lines of cups 

steaming and overflowing with hot Avater. 

2. The Middle Terrace, with ite massive steps and shaggy fringes 

without basins or receptacles for the overflow. 

3. The Lower Plateau, a series of shallow basins and wide level 

platforms. 
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Measurements along a line of radius from the lake to the summit 
gave the following results : — 
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The Great Cauldron, or Basin, when empty, appeared to be 
an extensive excavation lined, decorated and richly ornamented 
with the characteristic deposit of snow-white sinter. Its form was 
elliptical, with a longer diameter of 200 feet and a shorter of 
165 feet. 

The sides of the Cauldron formed a nearly vertical w^all 10 feet 
high, which extended about halfway round on the east side, the 
other portion sloping inward at an average angle of 30° to a dcj)th 
of about 20 feet, excei>t under the “ Lion llock,” where a magnificent 
comice overhung a perpendicular wall 14 feet in height. 

The basin-floor was broken into large irregular masses, the whole 
surface being roughly corrugated into v avy lines (probabl}" caused 
by convection-currents) and presenting the appearance of wind- 
dnfted snow. 

The Cauldron was enclosed by a smoothed and j^erfectly level 
rim of silica, about 6 feet in average width. 

This enclosing rim formed a pathway round the Cauldron, except 
on the south side, where its continuity was broken for a distance of 
40 feet, being perforated by a number of small steam-holes. 

The crater-walls, excavated from the hill by hydrothermal action, 
rose abrupt and dark from the outer circumference of tho rim. 

From 50 feet in height behind the Cauldron this wall sloped, 
as it embraced the hollow, to tho sharp ridges which formed the side 
of the entrance, and, with the “ Lion Itock,^’ probably, at an earlier 
period, completed the circuit at a height of from 12 to 15 feet above 
the level of its recent overflow. 

The opening to the upper platform in front of the Cauldron 
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extended 123 feet, and near the middle stood the “ Lion Bock,’’ a 
mass of harder material (which had resisted disintegration), 35 feet 
in length at its base and 10 feet in height. This encroached con- 
siderably within the elliptical area of the Cauldron, rendering its 
surface reniform in contour. 


Sketch Plan and Section of the White Terrace, Boto^nahana, 
in November 1885. 



Lake Botomabaiia. 


The opening to the Tunnel was situated about 30 feet to the 
south-west of the centre of the basin, at a depth of 30 feet holow 
the rirn ; it measured 15 feet across, narrowing at a further depth 
of 8 feet into a tube apparently 6 feet in diameter. 

The activity of the Geyser varied greatly. From furious ebullition 
with a rushing overflow fully 1 0 inches in depth across the whole 
opening, it would subside into its normal discharge, welling up and 
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over in ripples of about one inch in depth ; frequently the overflow 
would cease, fluctuations continuing within the basin ; and 
occasionally the water retired altogether within the tube, leaving 
the basin dry. 

During rapid alternations of activity and rest the whole contents 
of the Cauldron have been observed to retire within the tube in six 
hours, and the most raijid refilling noticed has taken four hours to 
complete. 

The process of refilling sometimes commenced slowly and was 
continued steadily, while at other times the action would be spas- 
modic, and violent eruptions of water would be thrown to an 
enormous height, sometinios falling beyond the area of the basin. 

Troin the measurements taken of the interior of the Cauldron, its 
capacity would be about 21 million gallons. 

From numerous and iiidcx)endent observations the activity for 100 
days may be stated as : — 


days. 


1. Excessive. — Violent disturbances, basin filling in 4 hours 

with overflow of (>00,000 gallons j)er hour 2 

2. Extraordinary. — Dasin filling in from 0 to 12 hours, overflow 

from 200,000 to 400,000 gallons x)er hour 8 

3. Normal. — Constant ebullition in basin, dense steam-clouds, 

frequent geyser-fountains from 20 to 30 feet above surface, 
water welling over in rippling waves at !(.)(), 000 gallons 
per hour 75 

4. Feeble. — lleduced geyser-action, water rising and falling 

within the basin, little or no overflow 10 

5. Quiet. — Water low, showing floor of basin 3 

6. Dry. — ^Water all retired within the tube 2 


100 

Heavy N.E. weather, with falling barometer, was usnally associated 
with excessive action ; the water frequent]^" retired, leaving the 
basin dry, when the wind was from the south, with a clear sky and 
rising barometer. 

Closely comx)aring the movement of the aneroid with the period- 
icity of action gave, however, very unsatisfactory results. For three 
days the activity of the Geyser exactly corresjiondcd with the 
movement of the barometer — overflow ceasing and tlie water 
retiring into the tube when the barometer was rising and wind 
changing from W. to 8., and activity being resumed directl}" the 
barometer indicated a downward tendency and the wind shifted 
toward N.E. 

On three following days similar changes of activity took place 
under exactly opposite conditions as to wind and barometric j^rossure. 
During six days succeeding the overflow continued nrirmal, although 
similar atmospheric changes were experienced. 
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An approximate analysis of the water gave about 150 grains of 
solid matter per gallon, viz. : — 


^ 8 . 

Silica, free and combined with soda 60 

Sodium and potassium chlorides 60 

Alkalies, chiefly soda 30 

Sodium suljjhate, and other salts 10 
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The amount of rock material thus withdrawn in solution by this 
geyser at its normal rate of discharge would amount to about ten 
tons per day. Several observations lead to the conclusion that at 
least ten per cent, of the silica would he deposited upon the surface 
covered by the overflow. This would be equivalent to about 120 
tons j)cr year, and give an average deposit over the entire surface 
of one inch in fifteen years. Upon the uj^per portions of the 
structure the deposit had formed as rapidlj" as one inch in five 
years upon various objects placed for experiment in the course of 
the overflow. 

The Upper Platform extended east and west in front of the basin 
for 130 feet. Its width at the west end was 15 feet, and at the east 
10 feet. In front ioward the centre it opened out into two large 
shallow basins. The larger (No. 2 on plan) circular in outline with 
a diameter of 00 feet, the other (No. 8) semicircular, with a curious 
double outer rim, had a radius of 20 feet, and between them was a 
slightly depressed channel 4 feet wide. The outer (eastern) portion 
of the platform was very curiously broken into miniature lakes and 
islands, with peninsular points and crescent ed bays. The surfaces of 
the elevations were smooth, and of uniform level with the rest of the 
platform and rim of Cauldron (No. I). These small depressions, as 
well as the hollows of the two basins (Nos. 2 & 3), had the nearly 
uniform depth of twelve inches. The sides of tho elevations and the 
floor of the depressions were covered with delicate coral-like deposits 
of exquisite beauty. 

When the platform was covered hy the overflow, these numerous 
and beautiful dei)rcssions escaped notice, tbe whole surface appearing 
as a level sheet of water, the visitor being cautiously conducted 
along tho narrow path in front of the rock over which the water 
would he rippling from the Clauldron. 

The double outer rim of No. 3 basin enclosed a deep and beauti- 
fully ornamented crescent, a yard in width at the widest part. The 
sides and dcptlis were covered with projecting and interlacing points 
of coral-like sinter, similar in character and disposition to the fleecy 
masses which were scattered over tho basin floor and which 
promised in time to fill u]) the entire cavity. 

This seemed to afford strong evidence that the crescent as well as 
the other depressions could not have been excavated by the same 
agency as that by which they were slowly but certainly filling. 

The breach or outer wall of this (No. 3) basin formed a wavy 
semicircle ten yards in extent and about six feet in height, thickly 
set with rough projecting bosses and mammillary points, 
aj. G.S. No. 170. N 
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Tlie outwork of No. 2 basin formed a massive wall ten feet in 
height, with similar decorations, and presented a conspicuous 
aj)x>cnrance when the terrace was viewed from the lower levels. The 
wondrous horizontal lines of “cuj>8’" were situated immediately 
below, on the west and east points of the Upx>er Platform, meeting 
the circular walls of the basins ; joining at their base, these continued 
the regular parallels right across the front of the Terrace. 

The tiers or rows of “ cups might be classed in four sections, 
each with its own sj)ecialized striicture and form : — 

1. HaBt linos, slope 3 in 8. 

2. West lines, slo})o 1 in 5, 

H. Stoeji basins (central), slope 1 in ^5. 

4. 3x)wer series, slojje 1 in 30. 

(1) Upon the up])er (^astern portion their crisp and sparkling 
lips projected like open hivalve shells, overhanging half the cup 
beneath ; seen from below they formed long lines of varying height 
but x>crfeci in their horizontality ; and in scu tion they would ap 2 )oar 
as a series of crescents, set with ])oints j)rojectiTig Tipwards. 

(2) On the otlicr ])ortions of the upper slope tlio X)rojecting rims 
were reduc(^d and rouiuhd, and formed perpeudicuhir walls with 
protuherant li])s. 

(8) Uiid<T tivo walls of basins Nos. 2 & 8 these receptacles were 
ste(‘]>er and bolder, and formed a seric's of Jhcontfid Bashis, which 
3)eing a little distance from the heattm track W'ere rarely s<‘en by 
visitors. ^J'lieir eh'vations were curiously embossed and adonn'd 
with rosette-like ap])endag<'H, wbieb, when tlie Ternn c was jmrtially 
dry, stood out white in l)old ndief u])on a grey ground, and ])r€\sent ed 
to ibo spectator a more ])erfeet idt'al of ricli ornamentation than 
could be st?en el.sewh<‘ro on any ])ari of this AVtmderful sirneturo. 

(4) The lower series of enelosures opened out info wide sliallow 
areas, Imuiided by Iom’ narrow sinuous ridg<‘H, almost iinnotieed when 
dry, hut strongly defining the differences of eh'vation when covered 
3)y the overflow. AN’heii seen full and ovei flowing from above, these 
receptacles a])pcarod as segments of azure, outlined with arcs of 
creamy white, infiniti' in vari<'ty of from a semicircle a few 

inches in diameter, to long .and wavy oullinesof from 50 or OO feet, 
enclosijjg ju)ols from one to six feet in widtl«, with a few larger 
areas showing a de(‘per blue outlined in thiner lines. 

In this 8eri(‘s of “ cups ” tlie silica was de})osited by rapid evapo- 
ration in a granular form, and when dry had the dazzling bril- 
liancy of frost- v'ork ; yet so firm and adherent were the particles 
that they were with difficulty crushed or sera]>ed away, the outer 
rim or edge being more comi>act than the interior. 

The upper and lower portions of the Terrace were distinctly 
separated by the great wall, popularly known as the Giant Buttress, 
which extended its level summit in a w-avy outline for more than 80 
feet, supporting the shallow pools of the Upper Terrace. Its front 
was draped with overlapping wool-like fringes and stalactitic pen- 
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dants, from wbicli tbe overflow trickled in a glistening shower. 
This was tbe most cons])icuous portion of the whole structure, the 
gradual rlescent of the formation on either side leaving the centre 
overhanging more than twelve feet above a basin wdiich beautifully 
reflected its curious architecture. 

This natural division was also marked by a level path varying in 
width from 2 to 20 feet, which extended right across the face of the 
Terrace from east to west, broken only by a few steps near the 
centre. 

l'])on this belt, and almost exactly in the centre of the Terrace, 
was the rough j)i'olruding rock known from il-s peculiar shape as the 

A little further towards the eastw^as the Brokni Jhtsht^ a circular 
pool 12 feet in diameter, about 20 inches deej>, of similar height 
upon its outer front, the only Avarm-wat(‘r basin on the AN'hite 
I’errac-e di'ej) enough to he used as a hath ; its temperature vari(‘d, 
aecoi'ding to the overflow, from 120 to 00% its interior surface was 
rough like concrete, and a sedimemtary dejjosit was disturbed when 
bathing. Some; time ago an optming must ha\(^ been roughly hown 
out of the rim, forming a dc^pressed lip about 12 inclu's across and 4 
inches deej), through which the overflow poured into another shallow 
basin below. 

Th(‘ d(‘positiou of sinter h(‘re must have ht'cii very slow, avS 
scratches and markings made in the liollow of the broken lip two 
years since w^ere jxirely covered by a thin glaze. 


The Jiliddle J'crnuw 

The central portion of this part of the structure, was distinguished 
by a scries of massive, rugged, and ri]iplial perpendicular t‘levatious, 
many of which exceeded six feet in height ; some w(u e decorated 
witli pendent wool-like fringes, some witli dei^idy engrav('d ]>arullcl 
lines, and others w ith small uj>tuiTied scales. The central ones were 
a]>proached ou cither side by lower ridges, which to»»ol her formed an 
ascent of about two liundred steps. At inert^asing distances from 
the centre, tliese elevations were again and again reduced until, 
near the margin, they merged into -wide incrusted sloj»ef? marked by 
lines of interlacing ripples which formed i)rotocting ridges less than 
half an inch in he ight. 

These elevations, although presenting the characteristic lines of 
level surface, I'ormed compact platforms, tables, or steps — only one 
depression occurring in the wdiole scries, and that hut a small muddy 
pool. 

Although the normal overflow^ covered the whole of the Terrace, 
any diminution in quantity left many of these central masses dry. 
TTie deposition of silica appeared to ho scarcely sufficient to ]>reserve 
the compact character of the surface, and those parts most exposed 
to the action of the atmosphere were disintegrating and becoming 
loose and fragmentary. 

It seems hut reasonable to suppose that those central elevations 
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had boon formed before the lateral elopes were cleared of Tegetation, 
as such masses could scarcely have been deposited by aqueous 
agency if such a free outlet as the sloihjig sides had been open to 
the escaping flood. 

The Eastern Wing of the Terrace, divided from the Middle Terrace 
by a clump of stout manuka trees, formed a steep slo]ie of sinter 
deposit rippled into small wavy lines. Under the trees some very 
nteresting features of new formation were observed, the prostrate 
branches forming the foundation of ridges, and drifting twigs and 
leaves collecting in the hollows became incnisted and cemented, 
forming rece 2 )lacles similar in character to those u 2 )oa the Great 
Terrace. 

'J'lie Western Wing was soparattMl hy a deep cleft and some 
smaller eJumj>.s of bush, its dtqmsit was similar in character to 
iliatof the east wing. Its lower portion was more extensive and 
formed wide sliallow areas, hounded hy ridges of from one to three 
inehc^s in heiglit- ; these fr(‘quently contained heauliful tn^e-liko 
accretions, which rising on a stem, spread their branches on the 
flurfaco, the hirgest 8])ecimcn8 extending over four inches. 

The VoUl-ivater Basins formed the front extension of the lower 
central portion of tlie Terrace. Viewed from above, thev exhibited 
an extraordinary combination of circular and crescented areas, 
extending fiom live 1o twenty feet across, of ])a]e, opalescent blue, 
outlined by broad rims of grey and brown, with encroaching 
margins of siliceous mud. 

From below they formed an ascending scries of from one to four 
feet in beigbl., witti rougli ])er])endieular walls, in some iiistanecs 
with a slightly projecting cornice, streake<l with vertical lines of 
white, gny, and brown, mingled with various stains. 

Their de])th a])])eHred to corresimnd \o their Inught. The surface- 
water was cloudy from susjx iuh'd silica, and the basins full of a fine 
siliceous ooze, gtdatinous and cold. The eonti iits of these recejitacles 
showed every stage of consolidation, and many liad already become 
comjiact tabular blocks. The conversion of' the alkaline' silicates 
into carbonates by exjiosure to the atmosplicre would iirecipitatc 
the silica in the forms observed in these basins. 

The outward trend of iwerv curve in this Avonderful series, and 
the gradual descent fiom the apex or summit, siH.’ins to indicate their 
origin from the great cauldron above. The tlu'orv of the formation 
of the structure from siliceous de])osition onlv fails to account for the 
erection of such regular basins at such a distance from the source 
the cooled overflow leaving liere so little surface-diuiosit • and 
further the excavation of ilie basin-hollows could scarcely have been 
effected by the same agency as that by which they were now con- 
solidating. 

The l.owcr Tlatonu skirting the Terrace on the lake-border marked 
by Its regular gradations the gradual lowering of the lake-levd 
trough a distiuiee ot about four feet. Along the edge of the 
Terrace it formed a sinter pavement, loose and fragmentarv, roadilv 
detaohed in surface-layers of about an inch in thickness, ‘in man> 
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places it was broken through by clumps of trees or small shrubs, 
and many rush-covered patches appeared on the softer parts. 

Towards the lake the margin became uncertain and treacherous, 
and the boundaiy between terrace-deposit and lake-mud was unde- 
fined. 

Chamjes in Appearance* 

The want of a series of systematic observations of the rate and 
form of dei)osit can never be sui)])lied. 

Comparing pbotograidis and notes taken in 1883 with experiences 
two years later, it was found that marked changes were taking place 
upon the ui>])er part of the Terrace. 

The surface previously covered ))y an acicular dej)()sit had now a 
more granular character, and instead of crniicliing under foot like 
hoar-frost, it had the yielding nature of a layer of snow. 

Tho overtlow had also worn a slightly depressed (•haiinol, leading 
from the cauldron across tho platform, between tho two shallow 
upper basins already described. The Hood rising to the lip of tho 
cauldron llowed through this channel and ])oured dow n tlie centre 
of tho Terrace. 

'J’he erosion of this stream was evidt'ntly di-eixoiing its own 
channel and smoothing the surface ot tlK»se masses over which it 
l)oured, while it threatened in time to alter the whole app(‘aranco 
of tlie l;])per Terrace. 

As the water rose more rapidly than it eonld escape by this now 
channel, it next tilled the circnhir outer basin (No. and then tho 
oth<‘r largo ar('a (Xo. .3); a further rise spread ov(‘r tho western 
end of the ]»latforrn and down the trees on that side;, the reco])taclo8 
on the east side being supi)lied by a cooler stream overllowing from 
tlu^ basin (Xo. 3). 

This change of direction from that of the previously charac- 
teristic uniform overflow was also a]>])arent in the orango coloration 
which was extending over the eastern tiers, ])rol)ably due to con- 
fcrvie. "Idle temperature of the water in these dc})ressions was only 
lot) , while in those at the same level on the westeiii side it was 30° 
warmer. 

Before attcm])ting an explai nation of the peculiar archiUadiire 
of the Terrace, it will ho necessary to take into ac(;r)unt the imor- 
mons amount of material removed from the hill in excavating tho 
crater and cauldron ; from careful measurements this cannot he 
estimated at less than million cubic feet, an amount Cfjual to a 
deposit of <ight fotd in thickness over the cntirci area of tho 
Terrace. This detritus must either have lieen carried away with 
the overflow into the lake or deposited upon the hill-8loi)C8. 

Observing that the erosive action of the overflow was cutting a 
channel througli the hard siliceous pavement of the upper platform, 
the torrent would ceriainly have opened a gorge through the soft 
rock, if in its initial form Vhe Terata Geyser had exhibited similar 
characteristics to those with which we have been familiar. 

Or had its earlier activity been more feeble and intermittent, the 



174 


HB. /. MARTIN ON THE TERRACES OP ROTOMAHANA. 


overflow would have spread its surface-deposits over the face of the 
hill, as exhibited in the sinter formations of other hot springs in 
the district. 

It also apx>ears quite evident that the siliceous lining of the great 
cauldron coiild not have been deposited until the process of excavar- 
tion was nearly complete, and that the solid precipitous walls, the 
comparatively level floor, and the perfectly level encircling rim must 
have acquired stability of form before the deposition of silica upon 
their surface. 

The extension of the ]>latform in front of the cauldron and the 
massive walls and basins which characterize the structure suggest 
to the careful f)bsorvcr the probability that their fV>rmation was due 
to the deposit, in ii plastic condition, of the material thus removed 
from the crater. 

The phenomena of mud volcanoes exhibited at the ])lateau of 
llotokanapunajja atford to the geologist valuable’! indications of the 
probable ap})earane-e of the Terata cauldron in the earlier stages of 
its activity. Iliis circular area, of similar size to the crater of the 
White Terrace, was situated in a hollow of 1hc‘- same hill, a few 
chains furthcT towards the west., whert^ ilie continut*d or intermit- 
tent acjtiou of stc^am escajjing through felspatliic tuff had gradually 
convcrtcal the rock into a perfectly level lake of mud aud clay. 
The surface was oovcired with a semi-licjuid layer from which rose 
a largo number of miniature cones and craters varying in diamc’tor 
from to 20 ibet, the former emitting steam, with occasional sjiats 
of mud, the latter bubbling and seething like boiling ])aste or porridge. 
Around the edge or outer rim of the area the mud was sutHcdently 
compact to form a lirm and safe footpath, whiki towards the centre 
it became very soft and hot. 

Kxtoudiiig through a narrow outlet oven* the sloi)e towards 
llotoiiialuina, the mud overflow preserved the same uniformity of 
level until it fell ttbrui)tly over a roundc’d breastwork which was 
ciieroaching upon the vegetation on the liill-sido ; the surplus water, 
thick and creamy at first, dejiosiU’d its solid matter in hollows and 
upon obstructions, and iiiially escaped dear through the scrub to 
the lake. 

If this condition had been succeeded by a gradual increase of 
thormnl activih', it seems hut reasouahJe to su])}n)sa thiit the softer 
clays around the cenlivs of action would ho slowly removed, to 
accumulate as masvses of dej)osit iii)on llie sloj>es below. Inter- 
mittent disehniges of siliceous water would carry forward streams 
of i>lastic clay, M'hich on meeting level ground would simead out and 
form swoepiitg curves of low elevation; this deposit would rapidly 
harden, us it dried ui)oii the outer surface, into a cement like 
concrete ; other following deposits resting upon those already laid 
would form a series of terraced steps. ^ Succeeding streams of 
water penetrating through surface-cracks would excavate the still 
soft and plastic in tenor and redeposit the solid inate^rial thus re- 
moved,^ in the form of overhanging lips with pendent or stalac- 
tdtic fringes, or as smidler iiiteruiediate steps, instances of which 



MB. J. MA.RT1H OH THE TEBBA.CES OB ROTOMAHAHA, 175 

can be observed at the white mud craters of Wairakei, near 
Taupo. 

The comparative study of local phenomena thus appears to favour 
the theory that the itiitii activity of Terata was very similar to that 
of Kotokanapanapa, and that the successive periods which mark the 
history of the formation of the White Terrace correspond with the 
increjising activity of its source. 

The hill surrounding Terata being pierced by numerous steam- 
jets, it is exceedingly probable that a large number around a common 
centre originall}" combined to form a crater-lake of seething mud. 
As activity increased, the outer wall of the crater Avould be occa- 
sionally broken down, and escaping mud-stroams would bo as 
frequently liberated. These xxn*iodical overflows would form by 
superimposition uj^on the hill-slopes the foundation of this curious 
and complex terraced scries. The earlier streams moving slowly 
through the vegetation on the hill-side, sjiroad out u])on the level 
ground at the base, forming that beautiful series of (•.ur^'es previously 
described as tlic Cohf-ivatei' Banins. The (*X(!:ivation of theso 
basins would be easily effected, if, after iho indnraliuii of their outer 
walls, rannhKf 'tnater i)enef rated through surface-cracks before the 
consolidation of their central mass. 

The central steeps, which rise immediately above ihoso basins, 
appear to have been built up by the masses of jdastic clay, wliich 
issued at siKicessive i)criods as the wall of the crater yielded to the 
increasing activity. 

The up]>er ])latform, with its massive circular outworks, would 
have been formed as the enlargement of the crater-gap increased to 
its historic dimensions, and the level surface, including that of the 
encircling rim, indicates a jHadod when this entire area was in a soft 
and plastic condition. 

As the eruptive force augmented, and as intermittent goyscr- 
founfains succeeded, the sinall<‘r vents within the area would tend 
to unite in one enlarged v(;rlical tube. The argillaceous contents, 
reduced to an exceedingly tine Htalc of subdivision, would by x>ro- 
longed boiling be lemoved and rejdaced by a siliceous cement, the 
more com])act encircling rim being left entire around tlie cauldron. 

The numerous tiers of shallow receptacles known as tlio 
Series, hot-water basins, or ‘ cups ' ap])ear to owe their regrdar out- 
lines to the successive waves of siliceous material which overflowed 
periodically during the excavation of the cauldron. lOvaporation 
would cause this material to harden rapidly from its outer surface, 
and thus the lines of elevation would he maintained avIh u the softer 
interior was removed by succeeding currents. Percolation of water 
through the pores w'ould increase the deposit of silica within the 
interstices of the mass and further harden the basin-walls. Thus 
deposition and removal combined to produce that exquisite variety 
of form which characterized these horizontal lines of deposition. 

The curious depressions upon the Upper Platform are also readily 
explained upon the hypothesis that the crust of the upper strata of 
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argillaceous deposit was broken through, and the softer parts of the 
interior removed. 

Thermal activity within the cauldron having at length removed 
the softened rock, the deposition of siliceous incrustation in all its 
varied forms of elaborate crystalline ornamentation would decorate 
the foundations previously laid with that enchanting beauty which 
was the glory of the White Terrace. 

Otukajmarunga, or the Tiuk Terraco, situated on the ojjpositc side 
of Kotomaliana, about a quni*t<‘r of a mile further towards tlic; west, 
had a frontage of 140 feet, and at a distance of 405 feet rose to the 
height of 85 feet. Of similar but <ddor formation, and resembling 
the White IVurace in its esHcniial features, it di tiered in many 
important details. 

The colour from which its name was derived w'as characteristic 
only of the older deposits, which a new smooth white enamel was 
slowly obliterating. There were also numerous indicritions of 
diminution in th(i Jictivity of its source, and of a probable eliaiige in 
the constituents of its overllow. 

The structure may be considered in four divisions, corresponding 
to diticronces in the angle of inclination, viz. : — 

1 . The Front riatcau. 

2. 'idle iMiddle Terrace. 

li. The XI})i)er Flat forms. 

4. Tlio Jiusiii or Cauldron. 

(1) . Ill c Front riuteau e.\ tomb'd as a gentle slope 80 f(M‘t wide 
along the frontage, where it rose abruptly about 2 feet above the 
lake. 

The overllow being confined to a central space 45 feet wide, the 
other j>orti()ns were ])5irtiully overgrown with moss and serub, 
except at a narrow channel Ibriiicd on the eastern margin. 

(2) . The Middle Terrace, or Terrace juoper, consisted of sixteen 
well-defined tabular elevations averaging 4 fei't in height, ap- 
proached by numerous subordinate or intermediate steps, reduec^d on 
the margins to riiqiled and irregular cascaues, which formed an easy 
ascent. 

(8). The upper levels, a series of wide, smootli jdatforms, rising 
by slight clovatioUB, extended completely across the Upper Terrace, 
a distance of 224 feet. Here were situated the “ Faths,” a series of 
eight hot-water basins, which were the only depressions on the 
Terrace. 

The Baths wore smooth sliallow cavities, crescentic in outline, 
averaging 8 feet by 8 feet, with a depth of from 2 to 8 feet, 
ranging in temperature, according to distance from the Cauldron, 
from DO® to 180 \ 

The four principal hathing-pools were situated near the centre on 
rising grades, with an elevation of one foot, the massive fronts of 
the upjier baths projecting considerably over the basin-area below. 

(4). The Cauldron measured about 150 x IGO feet, and was 
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surrounded by a level rim, in width from 5 to 30 feet. The great 
basin appeiired to be always full of deej>-blue boiling water, edged 
with sulphur and enshrouded by a veil of steam. I'sually overflowing 
without agitation, it was occasionally disturbed by wave-liko 
upheavals. Its margin could only be a])proached at one ]n\vt of its 
circumference, where soundings gave a depth of tit't t i ti feet, and the 
wall just below the surface was seen set with sjuiiy ridges. 

Near the centre of the boiling lake was a dome or mass of s])ongy 
sinter, which could bo seen onl}* when the steam drilled awaj' and 
the surface was unrutlh^d. 

Bj" the terrible catastro])he of June 10, 1 ^stJ, the waters of lakes 
llotomakiriri and Kotomahana were drawn into tho newly ojnmed 
fissure, which had originated at the base of liuawahia or 'farawera, 
and by the e.\traordiuarv exj)losion.s wdiieh succeeded, the terraces 
of Kotomaluiiui were blown away, and wid(^ steaming areas of 
desolation are all tliati remain to mark tho site of these once world- 
renowned structures, 

(For the Djscrssiox on this paxier, sec ]i. LSS.) 
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11. The Ekxtption of Mount Tabawera. Uy Captain F. W. Hutton, 
F.G.S. (Head February 9, 3 887.) 

Tjie eruption of Mt. Tarawera, in the North Island of New Zealand, 
took ])lane on tlio lOili of 3 880. I was not able to leave 

Ohristohurch at once, but arrived at Rotorua on the 20th of June. 
IJuririfij my stay in the district, which lasted till 1 4th of July, I exam- 
ined Rotomahajia and Okaro, and Avent across the Kaingaroa plains 
to Galatea. Subs(.(juently, with I’rof. F. J). Rrown and Frof. A. 1*. 
Thomas, J visited l..akes Rotoiti and Rotoehu. 

iJtficripiiityL of the Dialrlct, 

About 2o miles south-west of Lake Taiii)o is Ruap(hu(tig. 1 ), a trun- 
cated cone 9195 fe(^t bijjfh, covered Avilh ])erp<*tna] snow. Until lately it 
Avas thought to be (‘\tinet, and is sodescril)ed by Dr. von Ilochsltdler ; 
but for st‘V(‘ial months ]uist steam has occasionally been noticed 
isuiinjjf IVoni the summit, and on the DUh of A]uil last, Mr. L, 
Cut ten, Sur\*i‘yor, asceud(‘d the mountain and found the crater on 
the top to be 890 feet dee]>, with hot, eddying, and stcuiming water 

Fig. 1. — Sh efvh Mof) of ihe Xorih Ji^hfn<l of New ^hoivhuf 

area affccied htj tlie Eruption of M)th Jane^ 1880. (8eale 
290 miles to I inch.) 



at the bottom, which liad melted the snow all round for 40 feet, 
although about loO feet above the A\’ater there was a fringe of ice. 
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The next day a largo column of steam, 100 feet high, ascended from 
the crater. No earthquakes are recorded in the neighbourhood 
during the whole of this time. Between Kuapehu and Taupo lies 
Tongariro, the principal cone of which, Ngauruhoe, as well as two 
otlier smaller cones to the north, constantly emit steam. Ngauruhoe 
was in active eruption on July (>, 1870. 

About KiO miles N.N.E. of Tongariro is IVhite Island, or AVaikari, 
in tht‘ Bay of Plent y (tig. 1 ). It is a solfatara, 800 h'ot high, and sur- 
rounded by water lli^K* fcetdeej> half a mile from its shore. Between 
tlioin is a zone, 20 or BO miles broad, abounding in solfataras, mud 
volcanoes, fuinaroles, geysers, and hot sju’ings, which has heeu 
called the Taiij)o zone by Dr. von Ilochstetter. Tlu^ scene of the 
recent eruption is in the centre of this zone, about halfvva}* between 
Tongariro and White Island. 

Mt. I'arawera stands on tho eastern side of the lake of the same 
name. Jt is a liat-to])pcd ridge about three mih‘s long and nearly 
half a mile hi-o.ul, surrounded by rocky preci}nc(?s, rising abruptly 
from a plateau and sending out a hmg spur to the uortli-east, as 
well as a shorter one t(> the south. The highest point of tlu' ridge 
is BbOi) feet above the sea Jiiid is called Buawaliia ; immediatdy to 
ilu) north is a col, aiioul oOO feet' deep, which separates from the 
main j)art of the ri(lg<‘ a smaller and rather lower portion calliid 
Wahanga. Tho southern ])eak of thc! ridge, that which looks over 
llotomaharia, is called Ihrawtu'a by tlie Alaojies, but it is only one 
end of the ridge of which Buawalna is the otlii'r, and Ihiropeans 
generally a])]jly the name Tarawera. to the whole mountain, including 
Wahanga. It ]>resented no a]>pearance of being a recent volcano ; 
tlu'i’c was no crater on the top, which .seems to have undergone 
extensive denudation ; and the Maorios have no tradition of its 
ever having sliowii signs of activity. 

Botomahana Avas suiiie two or three miles south of Taraweni ( fig. 2). 
It was a shiilhiw lake, about a mile long and a (jmiit. cr of a mile broad, 
.surrounded by numerous fumaroles and hot springs among which 
were the famous AVhite and Pink Terraces. It di aiut'd into Lake 
Tarauera by the Kuiwaka, stream. Its height a]>ovo the sea is 
giv(‘n by Ilochstetter as 1088 feet. A little to the nortli east of 
llotoinaliaiia, under tho S])ur from Mt. Tarawa'ra, Avas a small lake 
called Uotomakiriri, on the shores of Avhich \vtu-(‘- curious, circular 
cr.'iter-ri ngs About two and a half miles KOutli-we>st of Botorna- 
hana is another small lake called Okaro ; it lies immediately under 
Kukarainea, a jxduted hill formed of funiarole clays (de*e-eun])Oscd 
rhyolite-) fre>m tlie* sides e>f which steam constantly escapes ; but 
the-re Avere no hot springs in Okaro. 

The re>cks found in the elistrict arc all volcanic, chiefly rhyolite, 
which is generally the stony variety called lipante, but occasionally 
it is vitreous. South of Botomahana, huw-ever, and j)redjahly on the 
Boutlieru slopes of Mt. TaraAvera, a dark- coloured augite-andesite 
occurs. Near thc hot springs tho rocks are all decomposed into soft 
fumarolo clays, Avhito, red, yellow, and grey in colour. 

* Hochstcttcr’a ‘New Zealand/ p. 419, and figure. 
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Fig". 2 . — Map of the country around Tarawcra Volcano after the 
Eruption of 10/7t June^ 18b0. (Scule 5 miles to 1 inch.) 
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Account of the Eriqytion^ 

Earthquakes of a local characlcr, but sometimes severe, have 
oecasioufdly been felt in the Tarawera district ever since Europeans 
have inhabited the country ; but during the last few months they 
had become much more frequent, not enough so, however, to excite 
alarm or even to arouse a suspicion that anything unusual was going 
to hajipen. Although Ituapchii had been seen to steam, Tonga- 
riro and White Island remained in their ordinary condition. The 
hot Springs at the llotorua had been gradually declining in volume 
and tempera! arc ; but this, as will as the low level of the lake, was 
no doubt due to the exce])tioiially dry seasoTi that had ]>ii8sed. 
At the end of May a wave, said to be a foot or eighteen inches high, 
crossed Lake l^arawera ; it was niKiccorajjaiiied hy an earthquake, 
and to this day remains unaeeouuh'd for. On Monday, 7th of Juno, 
a party oi'excursionists from Wburoa a isited Ivotomalmiia accompanied 
by the AveJl-kiiown guide So]>hia., and th(‘y report('d nothing unusual 
there. Wednesday was tine at Lottuaia, but showery at A\biiroa, 
and the night was fine and calm everywhere. 

At about 1 JIO A.n. on the eartlujuakes commenced, slight 

at lirst, but gradually increasing in intensity, wlnoi at 1.15 a.m. 
M^'ilianga broke out with a vi\id flash of light followed hy loud 
cxidosions ; only a small cloud was seen, which a])j)('ars to have 
subsided and all Avas again (juiet. At 1.15 a.m. the main (‘ruption 
commenced AA’ith a roar from Kumaa ahia, and a hlack column, glow ing 
with rctltations from red-hot rocks below, slioi upAvards. At 2.10 
A.M. a violent oartlupiake ocamned, and 'I’arawcra (])rojKT) ex]>lodcd 
with a deafening noise, sending up a broad st.eam-culumn. At 2.110 
the Avliole mouiilain-toj), from Tarawera. to M'ahanga, was apparently 
on lire, throwing out immense (juatitities of red-hot scoria. 'J'ho 
st eanj-column, which Avas at first continuous all along the mountain, 
S(q)arated into seven or more distinct ])ortions, and the huge black 
cloud spread slowdy out from the top in the Avell-knoAA’n mushrooia 
sha}>e. Lurked lightning, blood-red in colour, llashiul from the 
column, Avhilc theedge^s of the sjucuding cloud glilt<‘red and spark l< d 
Avitli innunieiable electrical scint illatioTis, making, together witlj. 
the rueket-like shoAvers of red-hot stones, a scene w'liich is described 
as mar\*clJous in the extreme. 

At 2J1o a.m. anotlu'r and quite distinct column of stream, a 
quarter of a mil(3 in breadth, sprang from thc'. ground far to tluj 
west of Mt. Tarawi i’a. As seen from the hill behind Oliiiiemutu, 
on l.ake llotorua, this column went straight u]> to the west of the 
hill called Moerangi, and consequently it must IniA^o been in the 
direction of Kakaramea. In Wairoa, also it wms thought that 
Kakaramca had broken out ; but it is iioav known that the most 
southern and western crater is t w'o miles north of Kakaramcai. This 
column of steam must therefore have come from what are knoAvn as 
the Okaro craters, between Hotomahana and Kakaramea. At 3.00 a 
series of violent earthquakes commenced, which Jnsted till G a.m. 
It was then that Kotomahana exploded, throwdng out a column of 
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Bfccam which out-topped that from Mt. Tarawera and obscured it. 
No shower of red-hot stones accompanied this explosion ; the cloud 
appeared quite black except where relieved by lightning-flashes from 
the column and electrical coruscations round the inargiii. 

The sounds now were frightful ; even at Jtotorua, la miles distant, 
it was necessary’ to shout as loud as possible in order to )>e heard 
two yards off. Mixed with the deafening roar of escaping steam 
were loud explosions from underground, and long rolls of thunder 
from above, as w(‘ll as a hissing noise caused by the srdid jairtieles 
in the air rubbing together. »So continuous Avere tlie hjsser noises 
that, near the se<*ne of eruy)tion,the loudercxjdosions were not Tjotieed, 
althougli the- earthquakes catisfid by these ex]>losions are said to have 
occurred at Wairoa very regularly vyvry ten ininut(‘s. Jhit Avhilo 
the lessiw noises Aven^ soon dissipatcal, the loud explosions travelled 
far, being lieard at Auckland and even at Jilenludtn, niilcH away. 
The r(‘d-lu>l/ stones c-jectod from Mt. Tarawera were distinctly st'eii 
at Oisborne, 75 miles off, and must therefore have risen more than 
15()(> feet above the top (»f the mountain. At Wairo/j liot ston(*s 
and scoria began to fall at about 2.^10 a.m. At 5 a.w. icy-cold mud 
came down, the Aveight of Avhich caused the roof of JSIr. Hazard's 
house to give way at 5.4(h and that of Mclhie’s Hotel at 'J'liis 

mud fell until j)ast 5 a.ji., and was followed by tine, dry, Hour-like 
ash, Avhi(.‘h eoiitinued until a.m. 

^Meanwhile the black cloud swept aAvay to the eavst and to tlio 
north. Hroni 7 to tt a.m. total darkness prevailed jilong tlui east 
coast from Taiiranga to the East Cape, Avhile ash coutinued U» fall 
until the afternoon. 

The crisis avus over at 5.J10 a.m., the most. A’iolent ]>eriod lasting 
for three hours only ; but the rn])iditv of the (lifeline dilff'icd much 
in the craters on the mountain and lliose on the ])lain. 

At 10 A.M. on the lOth of June, the eruption from the mountain 
WJis confined to the south end, or 4'araAvera ])rop(‘r, and this con- 
tinued very active until midnight; hut on the morning of the 1 Ith 
all AVfis (juiet, small steam-jots only i.ssning along the ridge. Ul^he 
orn])tion from the mountain, tluTofon', Instc'd h'ss than 24 hours. 

The craters on tlie ]>lain, at Itotomahana and Okaro, continued 
throwing up imriK'iise volumes t)l steam AA'ith seme stones and mud, 
although with gradually diminishing foree. On Sunday tlie J3lh, 
tho column of steam avus calculated hy ^Ir. Humphries, Suiweyor, at 
New riymoutli to reach 22,(HH» feel above tlie top of tlie mountain 
and to be 1^ tw 2 miles broad: but this of course does not accurately 
measure tlie Auolenee of the erujitioii. Sufficient energy continued 
in these orators to enable them to (jeot stones for about ten days, 
although most of them Avt're thrown to small heights and fell back 
again into the craters. 8ince then they have sloAvly decreased, but 
large A^ohimes of steam, are still emitted from Kotomahana and can 
be seen for many miles around. 

No steam was noticed from cither Ruapehu or Tongariro on 
the morning of the 10th ; but on the 12th and 13th Tongariro was 
steaming as usuaL No change whatever apj>cars to have occurred 
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at White Island during or after the eruption. The hot springs at 
Wairakei,near Taupo, are described as being in an extraordinary state 
of activity on the 10th ; while during the eruption many new ones 
broke out at Ohinemutu, and the temperature of most of tho old ones 
was raised. Also during the erujitiou the shore of l.ako llotorua, 
from Ohinemutu to liotorua, sank several inches, this being probably 
due to the earthquakes causing a settlement of the land round the 
old springs. 

The earthquakes whicli accompanied the eruption, although de- 
scribed as violent, did very little damage ; hut they api)ear to have 
been stronger in a south-west and north-east direction than towards 
the north-west. In Ateamuri on the Waikato, which is 28 miles from 
Tarawera, a t iimhler was t brown from a box, and at Tan])o, .‘kS miles 
distant, bottles were broken on a shelf. Ab>thiiig more violent than 
this seems to have iak(>u place at Wairoa, only 5 or (i miles oft* ; 
while at llotorua nothing was knocked down, and a Inick chimney 
20 feet high has sustained no damage whatever. Iso earthquakes 
were felt, at Lichfield or at Oxford, althougli tbe}^ were folt acutely 
at Tauranga and Maketu on the coast. 

Residts of the Eruption (see fig. 2). 

The openings in tho ground formed during the oriq>tion have, ns 
yet, been onlj- hastily examined ; and altln>ugh Mt. 'J'arawera has 
been ascended and llotomahana has been walked round, no accurate 
survey has been made, conse(|uoiitly our knowledge of what has 
hapi>cjied is incomidcte and must remain so until the summer. Tho 
following account is founded on my own observations round three 
8id(?.s of tlie mountain and on ])hotogra])hs which have boon taken 
from many places, including the sunnuit of ^It. Tarawera. 

A large o}>en fissure about four miles long and 500 feet broad 
runs along the to]) of the ridge from ANTihanga to lluawahia and then 
descends on the western side of Tiirawera to the plain. Anotlier fissure 
exists on tho eastern side of Tai'awera, hut it is nncerlaiii whet, her 
these fissures join. Tliere is also a large crater on the southern 
end of Tarawera, prol)ahly connected witli tin’s second fissure. A 
comparison of photographs of the mount;nu, taken from AVairoa and 
from near To Ariki betore and after the t‘iu]>tion, shows that tlioro 
is no a])preciahle change in the outline of Wahanga ; Tarawera 
J*eak looks also much as it was before tlie eruption, hnt along tho 
ridge hetvvocn Tarawera and lluawahia tho accumulations from tho 
fissure have slightly changed the outlirm, althougli no cone has been 
formed. These accumulations are said by Air. J*ercy Smith’s party, 
who ascended the mountain on the 28th July, to bo about 100 feet 
in thickness. 

llotomahana is much enlarged and has now precipitous walls 
about 150 feet high, the whole of the sinter terraces liaving been 
blown away. The bottom is covered with mud, in which are 
several circular holes either emitting steam or filled with water. 
On the northern part there is a largo crater-ring occupying the site 
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of Rotomakiriri and the White Terraces. Between it and Mt. 
Tarawera a new lake has been formed, with precipitous sides, about 
a mile in length and a quarter of a mile broad, but of irregular 
outline ; whether this lake is connected with Rotomaliana or not, I 
do not know. Between the northern end of the new lake and the 
Bouthern end of the western fisHuro on Mt. ^raraw’era is another 
cratoriform hollow, which is not connected with the lake or with the. 
fissure. South of Rotomahana, in tl»e valley of the Haiimi, are the 
Okaro crattTs. There appear to be six or seven of them, situat c^d on 
a lino which curves round to the south lowards Kakaramea. These 
are not connected by a fiasurti. ^fln^y are fiat-edged, more or less 
cylindrical hoh‘s, in which Hie surface roc^ks ran often he seen, and 
none of them has thiown up a cone more than a few feet high. 
The first, or southern ciater, is two miles from Kakaramea and 
has been estimated by Mr. Percy Smith at 2r><) yards long by 
100 wide and 120 deep; the sides, however, are falling in, and it 
will soon becoini^ conical. The tliird crater, called the Black 
Crater, is divided into two by a narrow ridge of old rock which has 
been hd't ; it is situated at the foot of a low bill, and when seen 
from a distaueiN in cortaln directions, Ibis lull looks like a. scoria 
cone. Prom this deceptive apjiearanco it has been called ]Mt. 
IJaKiard; but the liill is j>art of the old surface, although of course 
covered, like the rest of the neighbourhood, by several feet of ash 
and stones. 

Prodneta of tJte Kriq^tion, 

The materials ejected are of two kinds, augite-aTidosItc and 
rhj'olito, and each is in botlv th(i comjiact and tlie vi'sicular state. 

The Aoifil('--(tndi‘i<itt\ when eonqiuci, is gn'vish black, vesicular in 
places, iind with ojiaijue, white, angular fragments of decomposed 
rhyolite or felsito. It is an andesite lava that has overtlow^ed 
and included rhyolite ; S. (l.=2‘G7. The ground-mass is a brown 
glass witli niagnotite glohulites, and it contains iniinerous fidspar 
lotJw which show' no lluxioii-stnicture, exci'pt that they are arranged 
round tin* white rhyolite fragments ]>arallel to tlu*ir sides. One 
slide showed a quartz crystal broken across and faulted. In the 
vesicular state it is hlaidv scoria, very ojtinpu' ; hut in thin edges 
near the vesicles it is seen to he a yellowish-white glass full of glasB- 
iiicliisioiis, glohiilites, and tdher inqmrit ies. In eontaius fragments 
of quartz as w’oll as of ihyolite. 1 saw one broken crystal witli 
aggregate' polarization, ]»r<>hably jiartially de'comjmsed hornblende. 

The JUniolitf is of tw’o kinds. The first is a pale-grey, stony rock 
with almndance of (jnartz grains, fragments of a white mineral like 
kaolinized felspar, and some pyrites. The ground-mass is ojiuque, 
but when very thin is seen to he crypto-crystalline, probably a 
devitrifitul glass. It contains ahunchinco of quartz and fragments 
of deconqiosing sanidine with aggregate polarization in wdiich 
occasional traces of Carlsbad twdnniug are recognizable. There is 
also a green mineral with aggregate polarization, probably horn- 
blende, and magnetite or ilmenite. With refiocted light the base is 
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white streaked with gi'cen. This decomposed rhyolite is a very 
common surface-rock in the district. Tlic second kind is a soft, 
dead-white, fino-j^^rained, compact rock, with minute black sj^ecks of 
hornblende or black mica, and crystals of pyrite, as well as occasional 
small grains of (juartz. The groniid-mass is a white glass, with 
iimumtu'able small glass-inclusions, which are i)alo ]>inkisli violet by 
transmitted light. It contains quartz, ])yrites, and, i'aroly, sanidiue 
not twinn('d. 'Hie vesicular state of these rocks is white glassy 
pumice with quartz grains more or less abundantly developed. 

From the mountain came, chiefly, vesicular fragments of pumice 
and scoria, the hitter in much larger quantities than the former. 
iVlaiiy of the fragments, even those of small size, an* eomjiosed ]>artly 
of pumice and jiartl}' of scoria with W(dl-d(‘liiied j mictions. The 
ash that accompanied the$(* fragments is pa](> brownish grey, and 
contains much white and brown glass as well as (piait/, sanidine, 
])]agioclase, aiigilo, and what ajipearslo he a weakly iih^oehroic brown 
hornblende. 

From the craters on tli(^ plains eaine angular fragments of 
oompa(*t rocks and lapilli, chielly liiyoiite, without any i>uiui<*(‘ or 
scoria. The ash that aceompaiiii'd iheiii is ])alo Fiencli -gr(‘y, and 
contains inucdi devitrified glass and ahnndanee of (piartz with 
occasionally sanidiin*, phigioclase, and green aiigiii'. 

The ditrerent ej(‘otumenta are, of course, mixed together : hut still 
a difference in distribution can he mad(‘/ out.. ^Piiat Ironi the 
mountain sjiread to the south-w<‘st only as far as Kakaraniea, hut 
along th<' coast it extends from Katikali on the north, to 'folugo liay 
on the <‘ast. It is tohirahly evenly spread, tin* lieaviiM’ scoria fit tlu^ 
hot join find the lighter ash at the top, and thitis oul. wry grfiduiill}^ 
On the Ivaing.iroa plains, about ton mil(‘S south-ciist ot'Mt. 'rarfiwera, 
the thickness of the* deposit is five or si.x inches ; while :it the 
Southern Cross Fctroleuiu Co.'s works, iicfir tlu' Waitipu IMver, 
between Si) and th) miles distant, it is oim inch tliiek, Imt, of 
course, much finer, 'i'his ash fell dry, and it was wfirin for a 
distance of eigliteon miles from the mountain, ^'he (jonq)fiot rocks 
from th(' craters on the plains wore not thrown mon* than two or 
three miles, and tlie ash is much more limited in its dislrihution 
than thfil. from tlie mountain. On the south-west it waait to the 
base of Kjikfjrainea : to tlie west it. follows ne.arly Cio same lino as 
that from Tfirawera, while its oasterlv limit lies through the east 
end of iiotoiti to ^taketu, but it gradmilly passes into the deposit 
from the mountain. Found the crjitens it IV'll hot and dry, hut 
further otf as int(ms(}]y cold mud, almost freezing ; find further off, 
again, it fell as dry dust. Th(? mud s<‘ems to liav(^ fallen in jiellets 
more or less rounded. I collected some of these out of tin; trees at 
Pakaraka, near Rotokakahi ; they were of all sizes up to an inch in 
diarnetew, and some had a small piece of scoria in the <f(.iitre. They 
must have formed in the air like rain-droi:>s. One of them had a 
leaf halfway through it, which it had knocked off in its fall, 
proving that it was not frozen hard. On the morning when the 
mud fell there was a severe frost, and it fell so hard that it was 
Q. J. G. S. FTo. 170. o 
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easy, even for horses, to walk over it ; but it soon got soft, owing 
probably to thawing. This mud deposit thins out very rapidly, the 
thickest portion forming an oval, from Lake Okaro to bej^ond 
Waitangi, ten or twelve miles long and five or six broad (see fig. 2). 
Ley on d this to the norih it thins out gradually, and it did not fall 
as mud much beyond Taheke. The following table shows this : — 


Papawera Plateau 

Difilancp from 
Rot.oTnahana. 
inilps. 

Thicliness of 
Pi'posit. 
inches. 

30 

Wairoa 

r> 

.‘<0 

Taheke 

PS 

n 

Tauraiiga 

4:i 


Mayor Island 

0:1 

i 

Alderman Islands 

00 

1 

e. 


These differences between th(^ two de])osits are due to the 
difference in the ainoiintof w ater-vapour aceoinpanying ihe different 
eruptions. The steam from the o])enings on th(^ mountain Avas com- 
paratively small in fjuantity and did not fall as raiiulxong dissipated 
in thc! alraos]»lu‘r(‘ ; the ash was thus widely and evenly S]>read hy 
the wind, llie ('iiormous volum(‘s of steam whi(‘h esca]>ed from the 
craters on the jdains eomlensed in the higlu'r regions of the 
atm(^s]>h('re into rain-drops, w’hieh, in their fall, brought down largo 
quantities of ash that otherwise would hav(‘ been carrical furth(T. 

Hound the craters the dt^posit varies from 10 to r)0 f(>et, but 
appears to be very irregular ; for l*rof. Thomas intbi msmo that cast 
of the now^ lak<‘, at the foot of Tarawern, the 'Mainika {Lepio- 
spi’ritnnn) is not covered, and the thiekm'ss is not much more than 
six in dies. 

At W'airoa th(‘r<? an^ tw'o layers of scoria se])arat(‘d hy several 
inches of mud, the lower of tin': layers resting on the ground, and 
the whole covered hy about tw'o feet, of mud. Tlies(>! twa) scoria- 
lajuTs no doubt mark two outbreaks from the mountnin, probably 
when the tw o fissures were formed. The kt'.t outbreak must have 
taken place h(*tweeu and a.ai., or just laffore tlie ox]>losion of 
liotouu'ihana ; it scorns therefort' likidy that the Avestern fissure, 
which runs tow'^ards Kotomahana, Avas formc'd at that time, or about 
an hour and a quarter after the eastern tissuro. 

The ash began to fall at the Southern Cross Petroleum Co.’s 
"Works near Waiapu, at 4.20 a.ai., and at the East Cape at o a.m., 
at Hotoma and Hotoiti at 4 a.m., while it Avas not noticed at Taurnnga 
until 5.S0 A.M. : so that it ])assed much more rapidly to the east 
than to the north. It ceased at Potoiti at 10 a.m., and at Waiapu 
hetAveen 10 and II a.m. ; hut along the coast of the Hay of Plenty 
it contiinied to fall until the afternoon. The correct time is, 
howin or. uncertain ; for, being dry, the wind blew it up in clouds. 
The night was generally calm, but at Waiapu a strong X.W. wind 
Avas hloAviiig. At Ha.m. at Wairoa a S.W. gale commenced, which, 
hetAveen 4 and 0 extended aU over the eastern part of the 
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Korth Island as a southerly or south-westerly gale. The spread of 
the deposit seems therefore to be due to the ash from Mt. Tarawera 
having been thrown into an upper stratum of air where the wind 
was westerly, and this wind changed afterwards to the south. The 
eruption from the plains did not begin until later, and it was spread 
by the southerly wind only. 

Cause of the Eruption. 

The immediate cause of the eruption of Tarawera was, no doubt, 
the reheating of the old lava-streams of tlu' mountain which wore 
previously saturated with water. The jiroois of tliis are : — 

(1) A comjdete scries can be made from eoni 2 >act andesite, with 
fragments of decom]> 08 ed rhyolite, to the same rock highly vesicular 
but still showing fragments of the tjuartz of the rhyolite. 

(2) A similar series can be made from docmnposed rhyolite to 
quartzose pumice. 

(3) The Black Crater threw out blocks of com])aet andesite-lava 
which had ov(‘rflowed rhyolite, the two lading intimatel} connected 
at the line of junction, but not ])assing one into the other. A 
similar inthnate connexion of scoria and ]>umic(‘ is seen in fragments 
ejected from Mt. Tarawera : and it is hanlly ]>ossihle that the same 
intimate connexion belAveen two similar rocks could hav(^ been 
brought about in two difforcnt ways. 

(4) It folloAvs, therefore, that the scoria and pumice are rcmelted 
andesite and rhyolite lava-streams. How(‘ver, some of the scoria 
may have liad a dce])-seated origin, as it does not always contain 
pumice. 

This reh(‘ating must have taken place locally in the mountain and 
not very far from the surface, as the reheatisl rocks liave undergone 
atmospheric dceom])Ositi on. It could not, I think, Inive hecn dm; to 
crushing, because (1) the cartlnjuakcs preceding the eruption were 
not violent, many people both at M'airoa and Kotoma not being 
awakened until after the eruption had eommen(;cd. And (2) as 
several millions of tons of rock liav(‘. been fused and (;jected, it 
follows, according to the llev. O. .Fislicr •^, tliat several tens of 
millions of tons must have hecn crushed arid not fused. This 
unfnsed rock \vas certainly not ejccU‘d with the I'listnl, and the open 
fissure on th<‘ top of the mountain sliows solid rock on (!ach side. 
There is therefore no evidence of this enormous quantity of crushed 
but unfnsed rock, and for other well-known reasons its existence is 
highly im])rohahlo. 

The only ])ossible bypothe.sis scorns to he that, molten rock came 
up from below into the mountain and heated the surface-rocks ; 
and this is rendered more probable by the fact, that liuapehu has 
also l>een lately heated up without fiuy carthqualLcs having been 
felt. The cause of the ascent of the molten rock, whether by 
occluded vapour or by pressure caused by movement- of the earth's 

* Physics of the Earth’s Crust,’ p. 230. 

o 2 
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crust, need not be here considered ; for I do not see that the present 
eruption throws any new light on the question. 

The eruptions that took place on the plsiins were onlj^ hydro- 
thermal in character, no groat heat being developed. They followed 
the eruption of the mountain and wore, no doubt, caused by tJio 
earthquakes. Thiur position shows that tlioy are iii some way 
connected with the fissure on the mountain, but they cannot bo 
directly connected wdth it; for, if that had been the case, they 
would have ejected scoria like the mountain, and tin; cx])]f>sioij ot 
Kotomahana would probably hav'e preceded that of the Okaro 
craters. Probabl}' molten rock w/is injected, fis a dyke, into tlio 
fissure below the surface, and the eartliquakes caused the surface- 
water to api>roaeh this dyke sufficiently close to bo heated and 
flashed into steam. These explosions, therefore, furnish evideaicc 
that water cannot find its way to molten rock by means of opcui 
fissures. 


DiscrssioN. 

The Pkesidknt spoke of tlio value of the dcscriptivt^ ])ortions of 
.Mr. ^lartiiPs paper. H(‘ bad enjoyed great opport unities of u))serva- 
tion, and the sorii‘s of ] dictographs sent over by him was of extriauc 
intorost. As regards the theoretical portion of ihe jiapcr, ilieic 
was room for some differemcc of e>j>inion. Mr. Mali in had, liow- 
ovor, liasod his theory on tlio study of similar structures in differLiil 
stagess of growth. 

lleferring to Capt. Hutton s paiicr, he said that the jSenv-Zealand 
geologists had shown great emu'gy in studying the e.‘ru])tie)n. 
Dr. Hector started at once; some of his photogrjipbs. taken at aii 
early stage of the* (Tn])tioii, alemg with majis and specimens, were on 
the table. Captain Hutton came someswliat later, and among liis 
discove'rie^s w'ore the aiigite-andeisit os which \verc found associati d 
with the prevailing rliyolites. He wnis rather disposed to regard 
the latter as quart z-dacites. He referred to the differences of 
opinion us to the origin of tlie erujition. 

I’rof. SMiiiiKY regnqtcd that M r. J*alm(^r, who was on the spot at the 
time of the eruption, and whoso traveUing comjianion was kilhd 
under a crushed roof, could not lie jiresent. His views were slight h' 
dilferont from those of Capt. Hutton; there was no eruption seen c»f 
scoriae and stones, nothing but grey volcanic ash and fine mud covering 
the country. At the earliest moment i>ossible after the erujitioii 
Mr. Palmer reached Potoraaliana, wliich was empty, but boilii»g 
and spouting at the bottom. He considered that the Terraces had 
probably been blown away, but that their sites were covered up by mud 
and hidden by steam. The w ater of the lake had gone to furnish 
some of the steam w'hich had issued from Tarawera. There wao no 
evidence of the outburst being a true volcanic eruption. 

The Pkesident considered that Mr. Palmer might not have been 
in the best possible position for ascertaining the effect of the erup- 
tion In fact there were two eruptions ; of the one from the moun- 
tain the scoriae are sent by Capt. Hutton. Those first on the spot 
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TTOuld see nothing of these, as they were covered np hy tho finer 
ejection. Dr, Hector considered that the stones thrown out wore 
hot but not molten. There can be no doubt that the sites of the 
Terraces are gone, for Dr. Hector says that fragments of sinter are 
abundant in the materials ejected from liotomahana, and this is 
confirmed by the microscope. Cajd. Hutton contested the purely 
hydrothermal nature of the eruptions from the mount jiiiis. 
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15. Evidence of Glacial Action in the CAiiBONii’EROUS and 
Ha-wkesbcry Seiiies, Khw Houth Wales. ]>y T. W. Edo- 
worth David, Esq., E.G.S. (Head Eebruary 0, 1687.) 

Introductory. 

The series of rocks in New South Wales which are eoal-heariug, 
or intimately connected with the coal-bearing division, and are 
referable to the ^Mesozoic and Paheozoic eras, have beeji classed pro- 
visionally ]>y the Government Geologist, Mr. C. S. AVilkiiison, F.G.S., 
F.L.S., &c., as follows : — 



{). 

Wianamatta series. -j 

f Fresh water. 

[ 7(Ht feet thick. 

I^TriusBic. 

Mesozoic. 

[s. 

lluwkcisbury series. i 

( Fresh water. 

L 600 to JUUO feet thick. 

1 Passngo bods, j 

7. 

tvlarenoe series, ineluct- 1 
ing the Narraboeii 

‘Fn^sh water. 


isericH. J 


i Periuijui. j 

fO. 

Nim cuslle series — ^ 

f U])]ter eual-measures. 

( F resli water. 

[.5. 

East Maitland BorieB= ■ 

/ Middle eou I -measures. 

( Fresh water. 

PalfTozoic, 

(4. 

Upj)cr Marine series = 

Pranxtun series. 

1 Cnrlxiiiircrous. ^ 

1 3. 

Greta scries = ^ 

I Low(.‘r C'oal-measures. 

[ Fresh water. 

j 2. 

Loner Marine series. 



u- 

LcpiiloJendrov-svrivH = 

Fre.-»1) water. 


Evidence of ieo*nction lias been observed in the Carboniferous 
Marine series (No. 4 ), and ]ihenoincna which apjiear to be referable 
to a similar agency in the Haw’kesbury series (No. 6). 

1. C^\RUONlEEKOtS (iLAClAL PeDS. 

Riferences hi/ previous observers to Glacial Beds of Carhonifero-ns 
aye in A^astralia . 

The first description of boulder-beds in New South Wales, so far 
as I am aw'are, is that given by the lute Dr. T. Oldham*, quoted by 
K. D. Oldham in the ‘ Jh*eords of the Geological Survey of India,' vol. 
xix. part i. 1660, p. 43. With reference to the Carboniferous 
marine beds at Wollongong, Dr. Oldham says : — “ And still further, 
many of the low^cr beds of the Australian group, there so abundantly 
rich in marine fossils, are very similar to many of the beds in the 
Indian Talchir series. There is the same mixture of pebbles and 
♦ Mem. Qeol. Surv. India, vol. iii. p. 209. 
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large rolled masses in a matrix of fine silt ; and much of this silt is 
of exactly the same peculiar bluish-green tint so characteristic of 
these beds in this country, and which when once seen can never be 
mistaken/’ &c. 

Dr. Oldham, however, does not suggest a glacial origin for this 
formation. The next account of Carboniferous (?) Bouldor-bods is 
that given by the late Sir R. Daiutree in his ‘ Report on the O oology 
of the District of Ballaii,’ Melbourne, 3 8b(), page 10, whore he 
describes part of the Eacchus-M arsh beds in Victoria as: — “ Strata 
mainly com[K)st‘d of tine mud, dotted throughout with various-sizi>d, 
generally rounded, ])el)bles, and those pebbles mostly uukiiowu in 
the viemitj’, and some not yet seen in place as far as the (Geological 
Survey has extended a minute examination.” Some of the granite 
boulders are stated to bo over a ton in weight, and to bo imbt^dded 
in soft mud. 

The first suggestion of the possibility of ice liaviiig played some 
part in the formation of tliese rocks was made in the same Report by 
Sir R. Daintroe ; and his views therein expressed are upheld by Dr. 
A. R. C. Selwyii, F.R.S. then Director of the (Zoological Survey 
in Victoria, in ‘‘Notes on the Th 3 *sical (leographv, (ieolog)', and 
Mineralogy of ^bctoria,” jmbli.slied at Melbourne in the ntficial 
Catalogue of the Intercolonial Exhibition, hStW) 18(57, I>age 16, 
The ])assage reads as follows: — “The character of the conglomerate 
beds ])efore mentioned near Darley and on the Wild Duck (h'eek 
is such as almost to preclude the 8Ui)]>ositioii of tluur being duo to 
purel}' jupieons transport and deposition. it is, however, very 
suggostiv'c of the results likel^^ to ho ju'uduced by marine glacial 
transport ; and the mixture of coarse and tine, angular and water- 
worn, material, much of which has ch'arl^^ been deriv ed fi om distant 
sources, would also favTjur this sui»j)ositiou. (Grooved or i(!e-scratched 
pebbles or rock fragments have, liowev^er, not V'e^t Ixmui ohservnnl/’ 

The next mention of ice-action in Carboniferous roeks in Aus- 
tralia is made !)}’• Mr. R. L. Jack, F.C.S., (Zoveriiment (Geologist 
of (iueensland, in his Rei)ort on the Eowen-river (Joalfiold, dated 
November 251, 1878 (printed in Brisbane, 1879), i)age 7. In the 
middle (marine) series ho describes conglomerate beds, chiefly 
occurring in the lower ])art of the series, as follows : — “ The included 
pebbles are geiierall}' of granite, slate, schist, (juartzite, and other 
metamorpliic rocks, with a few of ])or]>hyrite. Tlie pebbles, which 
arc not always well rouudi^d, have a remarkable tendency to arrange 
themselves in grou])s in some of the conglomeratic sandstone hods — 
a disposition which maj’ possiblj' be owing to their having been 
dro])i)ed in heaps from the floating roots of trees, hut much more 
likel\* from floating ground-ice. Large isolated boulders of granilie 
&c. occur here and there in the midst of strata of fine sandy or 
muddy material. These could hardly have been brought to their 
present ]>osition8 excej)t by glacial action.’’ 

The marine fossils associated with these beds prove them to be 
homotaxial with the Wollongong beds described by Dr. Oldham, 
and of true Carboniferous ago. But it is doubtful whether they can 
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be correlated with the Bacchus-Marsh glacial beds, the ooly fossil 
found in the latfccT being Gan^arnojitfria^ a plant of doubtful geolo- 
gical horizon. 

In 1884 Mr. C. 8. Wilkinson examined the Upper ^fariiic Coal- 
mofiSurea (No. 4 in the tabl(\) in the neiglihourliocid of Branxton, 
near Maitland, and ohserv(;d in the road-cutting ^^'esl of the railway 
station a very coarse* conglomerate containing large suhangular 
boulders of clay-slate and other rocks foreign to the district, which 
he consideri^d t o he en atics ; no iee-scratches, however, were at that 
tiine noticed. 

It was resoTved for Mr. It. 11. Oldham, A.ll.S.^M., Dejnity 
Bupcrint(}nd(ait of th(^ (Geological Survey of India, on a vi.>il to the 
Colony ill 1 to make the iin])ortant diseovery of the picsence of 
boulders and ]>ehhles, uninistakahly striated and polislied hy ii-e, iu 
a railway-cutting at Branxtori, close to the spot A\liere tln^ erraticjs 
wore first found hy Mr. Wilkinson. Mr. Oldham has described these 
beds in the ‘ Iteciords of the 0(‘ologi<‘al Survey of India,' aoI. xix. 
part i. lvS8(), ])age 44. 4410 marine fauna associatc'd with this 

formation shows it to he homotaxial with the Bowen- river and 
Wollongong bods. 

( ^/irhonlferoutS' Gladol Jieds <it 

Sinc'O this diseovery hy Mr. Oldham, the antlior, wlu'ii commen- 
cing a survey of the Northern Coal-held of New South AVales in 
188(), found another c'xtcuisivo glacial deposit , ])robahly of llio same 
age, at (Jrass-trc'O, nc'ar IMnselelirook, 2S miles north-westerly from 
Branxton. A fine sc'ction of the* {^arlioiiiferous glacial heals is e'X])osed 
here in the* railway-cutting, showing them to exteiid for at leaust a 
mile horizontally, and to have a thickness of not- less than IjO feet. 

The deposit here*, consist s of reddish-hrown to gre'ciiish -brown 
Bhules, and is erowdeal Avitb round and snbangular fragmemts of rock, 
from ])el)ble's ne' largcT than marbles up to blocks ton in weight. 

The matrix in w’hieh the boulders are imhealdcd is a fine calcareous 
sandy shale, reddish to rusty brown near the* surface, and passing at 
a dejith of 15 feet hrst into a jiale gret'iiish brown, then into a 
leaden grey. At intervals of from B to 20 yards sjiherical concre- 
tions from ^ to 2 feet in diameter, as round as eaiinon-halls, occur 
in the shale. When broken o})en these are* found to ho composed 
of a nucleus of carbonate* of lime surrounded by a shell of shale 
partly cemented by calearoous uiatter. 

From the surfac(3 downwards, for about 15 feet, there is an ' 
appearance in the shale suggestive of ht'dding, but due probably to 
the formation of ferruginous bauds in the siiale? through the perco- 
lation of surface-water carrying iron in solution. Lfmticular patches 
of gravel may" be observed in jdaces tilling contemporaneously' eroded 
hollows : hut stratification, if it exists, is not strongly marked. 

Most, of tho boulders in the beds are more or less rounded, 
angular fragments being rare. Their shajTe is very irregular, but 
generally one end is more pointed than the other, and as a rule 
their outlines aro less convex than those of water-worn pebbles. 
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Most of the stones presented the appearfince of havings been ground, 
and showed a dull polish, and maiij’ exhibit well-marked stria'. 
The proportion of the boulders posstjssing the requisite grain, 
hardness, and durability to reeeive and iii’escrve delicate ice- 
scratches was small as compared Avilh the number uutitted for such 
purpose. Those which are most, decidedly striated are dark clay- 
stones, fine-grained quartzites, and slates. Those are scratched on 
the to]i, bottom, and sides. Tlio slria% although plaiidy visible, 
are not dec'ply cut, and no grooves were observed. Most of tho 
boulders are partially eovc'rod with a thin erust of carbonate of lime, 
the derivation of wliie.li is obvious from the ealcareous nature of tho 
shales. The* largest specimen of llu‘ glaciated blocks exhibited was 
found l>y the author firmly beddeal in slialc' at a depth of 15 feet 
from the snrlac('. Tlie otlu'r spt'eimens wore also obt aim'd in position. 
The* largest ]>oiilders are ihose of elay-slate, granite, and aplite. 

The following is a list of the ditferenl varieties of rocks ohservc'cl to 
occur as honldei.s in the shale cpiartz and feLs])ar-])or])hyr 3 '^ ; cla}'- 
slato ; dark felspar-] K)r])hy7y or ])orj)hyrito ; ejuartz-fidsite, frecpiently 
8hoA\ing finvion-strueturc' : cpiartzite, rc'ddish brown, greenish 
hrou n, and dark blue witli iron ])yritt‘s ; cpiartz; black <]uartz (?); 
coarsc'ly crystalline (|uartz andfelspar-j)orphyry ; fclsile ; dioritc (?); 
claystone ; shale; fels])atliic qnaitzite ; granite; ajdite : gneissic 
granite: eldoritie (juartz-])orpliyry ; decomposed vosicidur tni]> and 
hornblc'ndc'-sehist . 

The neaic'st parc'iit rock IVoni whieli some of the boulders could 
have been dewived is about 30 miles distant. 

Tlu^ largest boulder m(*asure.s 3 teet X 1 foot 4 iiiclies x 7 inches. 
The beds have such a lf<‘sh a])p(‘arauce that wlien vieAVcal from a 
short distance they might easily bo mistaken for rieistoc-cmo 
moraines. Xo evidence as to their total dcqdh could he obtained 
at (jr r ass-1 rec'. At llranxton, howevea*, Mr. Wilkinson rouglily 
estimates their thickness at not less than 1000 feet. 

Fossils Avere not found by the author in tho Grass-troc hods, hut 
there is stratigrajdiical evidence for correlating them, provisionally, 
with those at llranxlon. 

At i)resent, all that can be truly stated is that, at Jlranxton, 
glacial beds exist (»f undoubted Carboniferous ago, and similar bode, 
presumably oi‘ the same age. at Grass-tree. The (ioarso marine con- 
glomerates of the lower Coal-measnres, near WalleraAvang in the 
western coal-field, containing largo smooth Ijloeks of Devonian 
quartzite, are believed by Mr. Wilkinson to be also iiartly of glacial 
origin. 

II. Probadle Ice-action in the Triassic Hatvkerbttrt Series. 

Two phenomena obserA ed in the rocks of the Hawkeshury series 
appear to indicate that ice was present, to a certain extent, during 
their dei)osition. 

These are ; — 

f 1. Disrupted angular fragments of shale. 

[ 2. Contemporaneously contorted current-bedding. 



Sectwn of Contorted Strata overlain by Currentrhedded Deposits, at Coogee Bay, mar Sydney, N.S* TF. 
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1. JJisrnpted A^mpdar Fragments 
of Shale. 

The first mention of evidence 
of ice-action in New South Wales 
was made by Mr. Wilkinson, in 
connexion with certain appear- 
ances in the shale beds interstra- 
tified with tin; sandstones of the 
Hawkesl)iiry series, in a paper 
read b<d’orc the Koyal Society of 
New South Wales, lleeember 4, 
JvS79 (see Transactions of the 
lioyal Society of New Soutli Wales, 
vol. xiii. p. i0(>, 18S0.) 

He makes the following state- 
ment : — '•* In the s('ctions exposed 
in the quarries at Fort ]Mae<juarie, 
AVh>olloomooloo, Flagstaff Hill, and 
other places, may bt^ seen angular 
boulders of the shale of all sizes 
up to 20 feet in diameter, em- 
bedded in the sandstone in a most 
confused manner, some of them 
standing on end as regards their 
stratification, and odit'rs inclined 
at all angles. The\^ contain the 
same fossil plants tliat are found 
in the beds of shale from which 
they liave evidently bt'cn derived, 
'^riiese angular boulders occur 
nearly jilways iinnu'diately above 
tile slialc beds, and are mixed with 
very rounded pebbles of (jiiartz ; 
they are sometimes sligiitly cuiwcd 
as though they had lieeii bout 
whilst in a seini-iilastic condition, 
and the shale beds occasionally 
terminate abruptly, as though, 
broken off. Had the boulders of 
s»>ft shale been deposited in their 
present position by running water 
alone, their form would have been 
rounded instead of angular. It 
would apjiear that the shale beds 
must have been partly disturbed 
by some such agency as that of 
moving ice, the displaced frag- 
ments of shale becoming com- 
mingled with the sand and rolled 
pebbles carried along by the cur- 
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rents. . . . These bonldcr accnmnlations occur in irregular patches 
apparently throughout the Hawkesbury series.*' 

This series is fresh water or estuarine, classed on stratigraphical 
and palaBophytological grounds as Triassic, and cannot therefore be 
correlated with the Wollongong or Bo wen-river series. 

2, Coiitemjjorancoasl y contorttd Current-heddhiy, 

The author is not aware that any doscrij^tion has yet been pub- 
lished of this remarkable structure, so frc(|ucntJy seen in the current- 
bedded sandstones of this series. The nature of this structure is 
shown on the accompanying tigure (p. 194). That- the crumpling of 
the beds was contemporaneous is evident tVuui tlie undisturbed 
character of the overlying current-bedded sandstones. 

The contortions have evidently been caused by some extensive 
lateral thrust, such as would be ])roduced by the grounding of 
floating ice ; but more oxteudcd observation will bo necessary ere 
this can be demonstrated. 


Note. 

Ice~aciion m fSiluro-Devonian beds in New South IVulcff. 

Two miles north of the town of Temora, [Mr. Wilkinson reports 
the occurrence of gold-bearing conglomerates, wbicb ho believes are 
of ISiluro-i)evo Ilian ago. The boulders are much rounded, i»olislied, 
and in some cases striated. The blocks consist chiefly ot quartz 
imbedded in a clayey base ; the largest have a diameter ol* 4 feet. 

Discussion. 

Mr. Ckuttwell dissented from Mr. David’s classification of the 
Australian Coal-beds, lie thought the Wianamatta jind liawkes- 
bury beds equal the JVlymyddyslwyn and Tennant beds (lJ]>x)or 
Carboniferous) of fSouth Wales. He considered the ax>x>eai’aiu;e of 
glacial action due to agencies still prevalent in Australia, such as 
the efl'oct of melting snow and floods in the high(3r Ckjrdillera. 

Trof. Boyd Dawkins considered the evidence inquired further 
inquiry'. Striated pebbles were not alone sullicient evidence of 
glacial action, they might be produced by eartb-inuvcments after the 
consolidation of rocks. The speaker could see nothing distinctly 
glacial in the specimens exhibited. 

He also symxmlhizcd with the doubts exiiresscd by the last 
speaker as to the classification of the rocks adux>tcd by Mr. David. 
He could detect no break in the sequence, and he had found Glos-^ 
softer is to the west along with Lexiidoden droid jdants of JMount 
Victoria. 

One of the specimens on the table was from Old Ked Conglo- 
merate, striated by earth-movements. He asked for information 
about the T*unjab specimens exhibited. They had a singularly 
artificial appearance, 

Mr. OooncHiLD said the stone from the Uiiper Old Bed was from 
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Cumberland, and was an example of striation produced after the 
rock had been consolidated. 

Dr. JiLANFORi) gave an account of the boulder from the Punjab 
Olive Bed on the table, and pointed out that the occurrence of largo 
blocks in fine shales had been first noticed, and this obscrvfition had, 
ill both India and Australia, been followed by the discoverj’^ of stri- 
ated surfaces. 

The marine beds described by Mr. li. Oldham could not have 
been fanned hy floods or violent water-action, for the shales con- 
taining the boulders held imbedded deliaite bivalves, with both 
valves united, and fine I‘\ni€steUfe\ the boulders must have been 
transported hj* a different agency from the fine sediment. 

Prof. Skei.kv admitted the difficulty of judging tlie fragments ex- 
hibited wilhout slicing the sections. He could see no evidence of 
glacial action in tho sj)ocimens exhibih^d, and thought that similar 
partly angular T)locks might he gatliercd on arjy coasf where the 
cliffs were formed of rocks of like character. He had never seen a 
glaciated fragment similar to that exhihiied from the Puiijah. Tho 
unworn edges of the facets could scarcely hav<^ remained unt'roded 
if produced by glacial action. They had no rcsemhlanco t o wind- 
worn faces. 

liev. E. said the Punjab boulder might have shifted its 

position in the bottom of ii glacier. However, ice does not neces- 
sarily im]>ly a glacial age. 

Mr. Bttteky agreed with the last s2)oak(^r that tho stone in <][ues- 
tion might have been faeded and scored by tho action of ice. 

The pREsnu’.NT regrt^Ued the ahsenc(^ of Mr. David, hut called 
attention to t he photogra|»hs sent by him as illustrating tho nature 
of the heels in which the hhjcks occur. 
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16. Farther Notes on the Results of some Deep Bouikus in Kent. 
By WiLi,iA3i Whitaker, B.A., F.G.S., Assoc. Inst. C.E. (iload 
January 12, 1887.) 

[The fresh inforiiiiition given in this paper is eomniunieaf.od by peruuasion of 
the Diroetor Oenenil of t he Geoli»gioal Survey. J 


C<>NTK.N'TS. 

I lit roil net • »r> K^unarks. 

The (.nuiitemlen IJoring. 

The Dover Convict-Prison Boring. 

New Boring at 8trood. 

Itoring at. Lydd. 

Introductory Remarks. 

The primary ohjoct of my pajier read to the Society in I SSti* ** - was 
to descrilio the boring at Chatham, wbieb had rcachc‘d Oxford Clay; 
but the paper was extended, to ineludo other borings in Kent, wliioh 
had passed through the C-halk, and had not been broiiglit, to tho 
notice*, of geologists. 

Since then further and fuller information has come to hand with 
regard to two of those borings, and aiiotlier deeji work has boon 
carried through tlie Chalk and the Cault into tho Lowi'r (heensand. 

I have thought it w(dl tlu'refore to send this Hn])])l(mieniary ])a]>er 
to the Socit'ty, esjieciail}' as one of the borings, at Dover, has now 
thrown fresh light on th-at important and interesting suhjoct, the 
underground geology of the l^ondon Basin. It was originally meant 
to incorporate those notes with others descrijitive of d<.ej) borings in 
Surri'y ; hut as those borings art^ not ytd finished, and as th(3re is a 
special interest in the Dover boring, it seems better to lei tho Surrey 
horiugs stand over, and to jihicc the new Kentish information in tho 
hands of the Society at once. 

With regard to the doubt as to the depth of the second Chatham 
boring, expressed on p. BO, it should ho noted that whilst tliis depth 
is rightly made b(;r) feet from the surface^ yet it is only IhiB.l from 
the point from which tlie measurements Avero made, the cciping- 
level being 18 inches below the surface. 20 j feet ilic'reforc would 
seem to be the right thickness of Oxford Clay pierced. 

* Quart. Joum. Geol. Sou. vol. xlii. pp. 26—48, pi. iii. t'uur errors in this 
paper have ly^n noticed on the wrajiper of the May No. of tho .Society's 
Journal (188(5) ; hut t hey may be repeated here with three ot hers ; — 

P. 20, line 8 from foot ,, /Vo* d.'XI read 4.o. 

P. J50, lines 0, lo from foot, yor “below the 450 feet that was dug,” read 

** below 450 feet.” 

P. 35, line .5 from foot, yhr “ 180” read “ 280.” 

P. 47, line 15,, /br “ third ” read “ half,” 

P. 47, lino if), for “ 2040 ” read “ 17G0 ; ” and for “double ” read “ treble.” 

PI. iii. heading, /br “ S.S.E.” read! “ S.S.W.” 
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The Ohattendbk Boeiko. 

Since the publication of my paper the boring at the Chattenden 
Barracks, northward of Chatham, has been successfully finished. 
I ventured to say that some 60 feet more (than the 1103 already 
sunk through) should reach the bottom of the Gault, but that de- 
sirable result happened in only 59 feet. I did not, however, predict 
the finding of Lower Greensand here, seeing that there was so little 
thereof further south at Chatham ; but Lower Greensand has been 
found, and has yielded the wished for water. 

Having visited the site, seen some specimens, and got further 
details from Capt. W. W. Bobinson, Tl.E., who had charge of the 
work, and who has described its x^^ogress *, I am now enabled to 
amplify the last two lines of the former account, as below. 


Chattenden Boring, Details heloiv the Tertiary Beds, 


Tliiclcness 
in foet. 

Tertiary bods (as before) 2D0 

Ohalk. Spet'inienB of clayey chalk (probably Chalk Marl) 
at. 890, >5, 920, and 940 feet. No springs found, 

lliusc not noted. Presumable thiclcneSH, jud^;ing by 

the Ohaiham sections, say OSO or 682 

Gault, with flouje pyrites. tSyn'Ciineus, light-coloured clay 
at 1100 and Jl.'lO, the latter with Jnoccrrnnus \ just 
above 1140 a Ros/ef larirr ; at 1140 a phosphatic tio- 
dule, with the cast, of t he wliorls of an Anuj/onife ; 
about 1140 a sinaU ])hosj»hatie nodule, chiefly an 
Ammonite ; at. J 142 dark grey elny. J^'or the last few 
ft‘et the clay was dark, but witli green grains. Ahout 
9 inches of ro(rk at the bottom (spcciinen of jdio.s- 

phat ic notlide, IVotu llOl fwtl ? about 192 or 190 

The chisel tlien drop]aHl 0 feet, and water quickly rose to 
about 107 feet, below the surface, some greenish sand 
being brought up in the first ebullition. J’rosumably 
tlu'refore the Ixm^er Greensand Avas touched. 8:aid 
rose aho\it feet ui) the tube, and a specimen of the 
earth being removed (in February 18S0) eonsisted (jf 
a mixture of Gault clay with some gi’eeii sand. 

When the bottom of the tube was cleared out, and the tubes 
were driven down into the sand, the water rose to within 100 feet 
of the surface. ^ 

Tbt^ almo.st exact correspondence of the total thickness of the Chalk 
and the Gault, S72 feet, with the same total at Chatham, where well 
no. 1 gives the figures 87S, and well no. 2 the figures 875, is note- 
worthy . 

The ))rescncc of the l..ower Greensand here shows that in my 
section (Guart. Journ. Geol. Soc. vol. xlii. ]>1. iii.), that fonnation 
should have b(‘cn carried a little further north. 

♦ ‘The Boyal Engineers’ Journal,’ toI. ryi. no. 1S8, pp. 151, 152 (July 1, 
1886). 


Depth 
in feet. 
290 


972? 


1162 
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The Dovee Convict-Prison Boring. 

Since the reading of my paper the Dover horiiig has been carried 
a few feet deeper, and has been abandoned from want of success in 
finding water. I have visited the site, in company with Major 
Beamish, B.E., who had charge of the j)ri son -works, and secured a 
number of good specimens of the bottom-clays. 

The few small specimens previously to hand seemed of rather 
doul>tfiil character, partly bj' reason of the attempted ^personation 
therein of fossils. The abundant material since to hand, however, 
disposes of an^” doubt as to the hona Jide character of the earlier 
sjpecimens, which is satisfactory. 

The new specimens themselves ma^* hardly have been thought 
satisfactory by my colleagues, Mr. (1. Sharman and Mr. E. T. 
Newton, -who carefully' examined tliom : for, after wasliing and 
sifting j)ieces of many of these, tlu'y arrived at a negative result. 
They could fijid no sign of fossils, save for a solitary specimen of 
a liot(tVt((, Whether this Avas really in place in the bottom -cl ays, 
or had hf‘en carried down into tlunn l>y the })oring-tool, is a (juostion 
not worth debating. 

As A\c can get no information from fossils, avo must iiirn to the 
oft-ahus(*(l lithological character of the sjpociinens for guidance, and 
in this cjise, 1 think, Avilh some result. Jhlbre taking up this subject, 
however, some corrections may be made in the classification of the 
beds ill my former pa])cr. 

Ill the first place, there can he little doubt that the three beds, of 
a total thickness of Ha'c fV^et, doubt fully classed as the top of the 
Lower (irecnsand are really the clayey greensand and nodule-hod 
that form the liasc (pf the (Tault. 

In the second place, the lowest bod brackc'tcxl with the I.ower 
Greensand, though Avith doubt, is sboAvn by specimins to belong 
instead to the underlying s(‘ries. 

The taking away of tliese IfS feet of beds from the Lower Green- 
sand h aA'cs that formation with a thickness of Til feet only, and it 
will he of some interest to make out Avliat divisions of that -formation, 
are pre-ent. At. the outcro]), sfpine miles to the S.W., have four 
divisions : — the Atluirfiidd (day, at the bottom, m\arly feet thick, 
much in excess of the usual thickness in Kent ; the II y the Bods, 
alpoul {JO h'ct ; tie' Sandgate lieds, here j-cacliing a thickness of aliout 
80 feet, though usually much less ; and the Folkestone Bods, 90 feet 
thick. <at the to]). 

Beginning Avith the lowest of these, here, as at Chatham, there is 
no sign of the marine Atlu'rfield (Hay. The two borings also agree 
in the absence of anything like the sand}’ calcareous mass of the 
Hythe Beds. AVhen examining sjx-cimens from the loAver part of 
the Dover LoAvor (ireensand, it struck me that I laid seen something 
of the same soiT amongst the (.-hatham specimens, and on turning to 
these it was found that the two si'ts exactly agreed in character, as 
far as regards the bottom eleven feet or so ; for, on putting the 
specimens side by side, it was impossible in some cases to sec the 



200 


MR. W. WHITAKER ON THE RESULTS 


slightest difference between them, and in no case was there any 
notable distinction. Wo may fairly conclude therefore that this jjart 
of the Dover section should be classed with the Sandgato Beds, as 
was done in the Chatham case. 

Whilst at Chatham, however, these compact elaj’oy sands are 
overlain by looser sand, like that of the Folkestone Beds, at Dover 
the npwai^ continuation of the Lower Greensand is still in clayey 
sands, though differing in colour from those alluded to above, and 
there seems to ho nothing representative of the sandy Folkestone 
Beds. It seems fair therefore to conclude that we have hero the 
Bandgato Bods alone, es2>ocially as these are thicker at the neigh- 
bouring outcrop tlian to the west, although that division of the 
Lower Greensand is the most inconstant of all along the outcrop in 
Kent, as well as in Surrey. 

lieturning to the beds below the Lower Greensand, a little mistake 
in the published account should be put right. A very small speci- 
men of one of the claj’s is described as mixed with chalky matter.’’ 
It contained some white specks, which, from thoir ap]>oaraiico, were 
taken to be calcareous. When the larger and hotter set of specimens 
was examined, this was found to bo a wrong inforemeo ; for the 
peculiar white earth, of w^hich there was plenty, gave no sign of 
efibrvoscenco wdien diluto hydrochloric acid was poured on it : the 
acid sinijdy soaked in. 

On a like tost being applied to various Cretaceous and Jurassic 
marine clays a very different result followed : as would be cx])ccted, 
they all gave clear signs of coutaiiiing calcareous matter. 

In view therd’oix? of the ]>ossibility of these clayey bt'ds being of 
Wcjilden age, a 2)Ossibility which had been already alluded to, it 
was desirable to (examine specimens of Wcaldcn clays. Ibiluckily 
our rock-collection at Jermyii Birta*! was very j)oor in this 2>aiticular, 
and it was not until after some time that 1 was able to make the 
needful examination. 

It having occurred to mo that Wr. G. Waw w as likely to have a 
good collection of elan’s, I applied to him, and lu; was kind enough 
to send me twcnfy-tw'o sjiecimens from Weaalen beds. These may 
be divided into throe sets. 

Firstly, three si>ecimens of Weald clay. One of these was from 
a Pahi(Jina-\)0{\ anotlu.'r w as from a bed that rested on the Horsham 
Stone, and the third came from hetw'cen layers of that stone. Under 
these circumstances it is iiot surjirising that, in all, effervescence^ 
ensued on the a])2)lieation of hydrochloric aci(l. 

Secondly, eight specimens of W'ealdeii clays from Dorsetshire, 
none of W'hich caused edcrveseence. As, however, these were not 
like our Dover clays, wc may pass them by. 

Thirdly, ton si)ccimens from tlie Ashdowm Series, at and near 
Hastings. These showed various points of likeness to tho bottom 
beds of tho Dover boring : none of them caused effer\’’escence with 
hj^drochloric acid ; some of them had the same whitish colour and 
the same xavy fine texture ; altogetlior they reminded one of the 
Dover specimens, and I feel no doubt that the beds there reached 
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belong to the Hastings Beds. To say that they belong to the Ash- 
down Series, the lowest division of these, might he rash, as like beds 
occur more or loss throughout ; but at any rate there is a groat.pro- 
bability that they may do so. 

With the fresh information acciuirod both from specimens and 
from notes, for which, in both cases, I have to thank Mr. 11. H. 
Batehelor, the well-sinker, I am enabled to give the following much 
fuller account of the beds below the Chalk in this important 
section : — 


Gault, 143 feet. 


Lower Green- 
Hand. The lower 
part (and j)ro--< 
bably the whole) 
Sandgate Bede. 


Thickness 
in lect. 

To base of Chalk. Specimen of clayey chalk at 630 feet 

f Gault. Specimens, grey snmly clay at 
7'jil ; grey sandj- clay witjj green 
grains at 800 (both calcareous) ; 
light -greenish sandy clay or clayey 
sand at 813 ; pliosphatic notlules, 
depth not marked. At the site there 
is plenty of tlie ordimiry dark grey 
clay, sometimes with green grains, 

and phoaphatic nodules 138 

Rocky dead green sand 1 

Dead green, sand 2 

Hard boulder-rock (? nodules) 2 

'Dead green sand. ' iSpecimens, green 
clayey sand at 822 ; A'ery hue-grained 
greenish clayty sand at 826 ; line 
groenish-gl'cy clayey sand, or sandy 
clay, at 831 ; a set, of fine-grained, 
grey or b«a>wni8h-grey siumIv clnys «n' 
clayey sands, at. 838, 840, 84 1 , 8-44, 

840, 847, and 84S, eomj>actand va'actlj/ 
like the specimena from ihe Chafham 

V horiiiij (032 to 043 feet.) 31 

Black sand and clay, S})ecimcns, 
broAvnish-grey clay, rathci- sandy, at 
856 and 858 ; brown i.sli and grey clay 

at 862 ■ 13 

Brown Clay. Specimens, brownish -grey, 
rat her sandy clay at 864; grey and 
brown chiy, wit h specks ol’ pale very 
fine sand ; brown and brownish -grey 
clay ;it 875 ; grey clay, with jiulc 
Aery hnc sandy specks {liof cJudky, 
ns was thought from the small speci- 
men first scon) 17 

Dark sand and clay. 8pccimet)s, brown 
and grey cl.iy, one slightly sandy, the 
other wit h jiale specks (as above) ... Lj 
Rock. All broken up, no sptHjimcn got, 

[Below this the account differs from 

that j)ublishetl before. | ^ 

Light-brown clay. 8pecimens, brown 
and grey clay at 882; brown clay at 
884 ; grey clay at 885 ; grey and 
brown clay at 886 ; brown clay, and 
grey clay with spiM^ks of pale fine 
sand, at 888 ; grey clay at 890 (rather 
sandy) and 893 13 

a J. G. S. No. 170. . ] 


Wealdon. 

Probably 

82 feet. 


is. 


Depth 
in feet. 
675 


813 

814 
816 
818 


849 

862 

879 

880 ^ 

881 

894 
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Thickness ] 

i Depth 

Wealden 

in 

I Dark clu^ witli j a riles. Specimens, 

feet. 

in feet. 

(continvetd). 

1 grey clay at 8t*5 and H08 

Hard dark clay. NpccimciiH, grey clay 
at 890, 9(Xi, 001, and OitO, some witii 

4 

898 

1 


pale sandy spcek.s 

Brown clay. Specimens, grey clay at 
9(M»; ijaic grey pip€i-clay, with pale 
very fine-grained sandy lumps, the 
whole wliitieli and calcareous in 


1 905 

1 


a))pc.!irancc. but not so really 

Dark clay, witlj rag-boulders. (? Some 
crrc>r here, specimen at 1)D5 be.ing of 
whitish earth, like the last; ? former 
account niort* correct.) Specimens, 
grey clay, with light-coloured patches, 
at91f>; grey clay at 917 (one piece 

t; 

1 911 


sandy) and 918 

1 1 

925 


Very light-coloured clay 

Da rkcr clay. A Huiall specimen . marked 
9.‘17 (? should be 927), is light-grey 


950 


clay, rather sandy ? 

1 

951 


On comparing the Dover section with tViat of CJhathani (described 
in my former j)fq)er), wo see. that Uie uiidergound thinning of the 
Ijower Cretaceous beds has gone fui’ther at th(' latter jdaco than at the 
former, except as regards the Ijower (Irecnsand, M liich is 41 feet 
tliick at Cliathairi, whert* two divisions (tin* Folkestone Ik'ds and the 
Sandgfite Hods) ai'o re})resented, whilst at Dove?- ^\ e have but 31 
feet, of SandgaU) lieds only. 

At Chut ham, however, aU the Cretaceous beds Indow this have 
vanished altogether, n('ither Weald Cday nor Hastings Hods having 
boon found: but at Dover the latter seiies occurs, for the first time 
in any of the deep borings in the London Hasin, and has not yet 
boon juerced thi ough. 

In drawing my transverse section, through Chatham, the Hastings 
Hods were sliouii as thinning out hefoi’o the Weald Clay, that 
s(»e'ining to b(! the more likely event. Tht* rvrcT^c is now proved 
to bo the ease at Dover, and this may hold at Chatham also. 

The absence of the Weald Clay is perhaps less remarkable at 
Dover than at CJhatham, for whilst the thickness at the outcroj) 
south of the latter place seems to he about GOO feet, Mr. Topley 
remarks that “ we have at present no means of estimating ^he 
thickness of the clay further east [than the neighbourhood of 
Maidstone ], but it probably thins regularly in that direction, and 
mfiy not he more than 350 feet thick near Hythe’**, the nearest 
outerop to Dover, 'which place, moreover, ivS still further eastward. 

It may be of use to notice here the probable thickness of the 
various divisions of the Hastings Beds at the outcro]) south-west of 
Dover. These are as follows, beginning at the top ; — The Tunbridge 
Wells Sand, 150 feet or more ; the Wadhurst Clay, perhaps 100 feet ; 

* “The Geology of tlie Weald,” to which Memoir I am indebted, also, for 
the thickness of toe divisions of the Lower Orreensand given above, and of the 
divisions of the Hastings Beds. 
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and the Ashdown Beds about 160 feet — or in all more than 400 feet. 
We should expect, of course, an underground thinning towards 
Dover, so that, even supposing the boring there to be in the highest 
division of the Hastings Beds, it is unlikely that there should be any 
great further depth to be passed through before a Pro-Cretaceous 
formation is reached. 

At p. 44 of my former paper, attention was drawn to the chief 
points that sliould guide us in selecting sites for tri id-borings, for the 
purpose of finding out the deep-seated rocks of the London 
Basin, and Dover was mentioned, in each cp^e, as a good site, 
meaning thereby the neigh]>ourhood, and not nunely the town 
itself. It was therefore with some siitisfaction that 1 saw various 
newspaper-accounts of tlie projected trial-boring now being made 
by the South Eastern Bailway Companj'^ at the foot of Shakespeare’s 
Cliff. 

My previously exjucssod opinion, wliich was shared by my 
colleague Mr. Topley, is strengthened hy thc^ conclusions now come 
to as to the bottom-beds of the boring at the Convict Prison, where 
the lower part of tlie Wealderi Series seems to have been struck, at 
the depth of 841) feet. 

As the well begins at a height of 280 feet above the sea, whilst 
that of the new boring cannot bo much above the soa-hwel, the 
latter has a great advantage in being at less vortical distance from 
the deeper beds. The fact that it has also an advanl-ago from the 
southerh’ rise of the beds, may probnbly b(^ more than neutralized by 
the inference that it is in that direction that the l^owor (ireonsaud 
and the Wealdeii Beds are likely, onc^ may say arc certain, to 
thicken. The difference of level taken alone would make the depth 
to the Wealdon Beds some 570 feet at the new i>oring ; but, for the 
reasons above stated, one would rather count on a slightly greater 
depth. 

It seems to me that it would have been a far more satisfactory 
thing to dee])en the existing boring of the Channel Tunnel Conij>any 
at St. Margaret’s Baj-, about 2j miles E.N.E. of the Prison boring, 
and for good reasons — the first that the trial-boring in question is 
already 567 feet deep ; the second that it is already some feet in 
the Gault ; and the third that it is in a direction in which one may 
reasonably expect further undergound thinning than that of which 
we have evidence at the prison. 

New Boeing at Stroou. 

In the early j)ai't of last year another deep boring in the neigh- 
bourhood of Chatham was finished, and although it does not add 
much to our knowledge of the underground beds there, yet it is of 
interest from the fact of its success in getting water from the Lower 
Greensand, and from its agreement with neighbouring sections in 
the thickness of the Gault found, which exceeds the previous record 
only by 3, 2, and 1 J feet resjiectively. Having been noticed onlj 
in newspapers, it is worth while to describe it here. 
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Stewart Bros, and Sjtencer*^ OH Mills. 

? A\)oiit 15 feet above Ordnance Datum, 

From an account in the Cliatham and liochc.'iier March 6, 

1886, and from information from Messrs. Tilley, who made the 
borinp:. 

Water overflows in larj?e quantitj^ (? 150 f»allous a minute), and 
it ovtTflowed throuerh a small jape to a height of 45 feet above the 
ground. Temperature 62,^® Fahr. 

Mud [Alluvium] 42 

( [4)pcr Cludk, wifli dints .‘iOo 

[OhalJi,r»Or>teet]. -I Lf>wor Chalk and Chalk Marl Ih4 

I Upper Greensand (base of Chalk Marl). 

Gault (2 inehes of rook at. the base on one .side, 4 inohe.s 

on the other) It)"* 

Lower Greensand ; Pine sharp greenish-grey sand, with 
water 


Thickness. 

Depth. 

ft. 

in. 

ft. 

in. 

42 

0 

42 

0 

30.b 

0 

347 

0 

194 

0 

: a \ 

0 

t; 

0 

.TI7 

0 

19.^ 

2 

■ 742 

o 

14 

10 

^ 757 

0 


Boring at Lydd. 


A boring has lately been made for the War Office, at the southern 
end of Kent, which may be of interest here, as tlie most tasterly 
one through the lowest beds of the Wealden Scries, and the 
following account may be of some value. The details weri‘ given 
me by Messrs. 8. F. Baker and Sons, wlto carried out the work. 


Hohnston rVmy>, 1886. 
Water-level 9 feet down. 




p 

K 


i3 


^ Shingle 

Boulders 

brown sand 

Clay, K>ain and snnd 
Black or grey sand 

, lobbies 

Blaek or grey emul 

StitlToam 

Clean sharp sand ... 

Loamy clay 

Stind 

Clay 

Fine grey sand 

Sandstone 

Olay and loam 

Strong blue clay ... 

Stone 

White clay 

Marl 

Loamy clay 

Marl 

Hard stone 

Verj' hard stone 


ThickDCss. 
ft. in. 
I.’-) O 
1 O 
i.-} 0 

4 O 
20 O 
I 0 

,uS 0 

1 S 

4 4 

.b O 

2 O 
2 (> 

O t) 

2 3 

s 0 

;» p) 

3 0 

20 

29 « 

8 0 
42 0 

4 0 
2 0 


Depth. 

ft. 

in. 

15 

0 

19 

9 

.32 

9 

.3t» 

9 

,5(i 

9 

57 

0 

115 

9 

ni> 

8 

121 

0 

12(i 

0 

128 

9 

130 

9 

131 

3 

1 .33 

6 

141 

6 

147 

t) 

ITH) 

9 

179 

9 

299 

0 

208 

U 

250 

0 

264 

0 

266 

0 



OP SOME OEEP BORINGS IN KENT, 


205 


Milder stone 

Thickness, 
ft. in. 

2 0 

Depth, 
ft. in 

258 0 

Tough clay 

4 

0 

2(i2 

0 

Sandstone 

1 

i) 

2(13 

0 

Stone 

2 

t) 

2tir> 

o 

Sandstone and clay 

2 

0 

2(17 

0 

Hard tough clay 

2 

0 

21111 


Very fine clay and stone 

3 


272 

0 

Clay and stone 

2 

0 

274 

0 

Mild clay 

M 


277 

0 

Very hard clay 

12 


289 

0 

V'eius of peat and clay 

2 


2va 

0 

Hard clay 

1 


293 

0 

Very hard clay 

•» 


29.5 

0 

Mild sandstone, with water 

'J 

(> 

298 

o 

Hard sandstone 

4 

<> 

302 

0 

Mild clay 

4 


.300 

0 

Dark clay 

3\ 

0 

.3.37 

o 

Red and wJiite mild clay 

(1 

0 1 

343 

0 

Hard liglit-cofjurcd clav 

7 

0 1 

.3.50 

o 

Hard red clay 

U 


.3.50 

0 

Very hard dark clay 

1 


.30t) 

0 

Very mild dark clay 

;j 


.30.3 

0 

Hard liglil | colotircdj clay 

2 

1) 

.30.5 

0 

Very hard dark brown stone or rock. 

3 

o 

.308 

0 

Hard sand rock, with water 

7 


.37,5 

(i 

Dark grey loamy soil 

4 


.379 

0 

\'ery tough dark clay 

1.4 


.392 

0 

Very hard clay 

lU 

o i 

402 

0 


A grojit nTiial)or of Hpc^cimoris have been examined, with Mr. 
Topley's assistance. They C4)nsist mosll)' of ])ale ^royisli clays, with 
some li^lit -coloured motllod clays, and a few very line coiu])act light- 
coloured sands, the whole being of like character to the beds that form 
the lower j)art. of the W’ealdeii ISeries, ibe buttoiii of which would 
probably l)e naiched at no very great lurther de}>th. Some of the 
8])eeimeiis are like some of those from tlie Dover boring. 
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17. On a Sacbttm, apparenthf indicnthi^ a new type of Bikd, Ornt- 

THODESMUS CLUKicuLiTs, Seeley, from the Wealden of Brook. 
By H. G. Seeley, E.B.S., F.G.S., Professor of Geography 
King’s College, London. (Read March 9, 18S7.) 

[Plate XII.] 

The discovery of the pneumatic condition of the vertebra? in Orni- 
thosaurs and certain Dinosaurs showed that they diverge from 
Reptiles in structural characters which are typically Ornithic. The 
augmented number of vertebrae in the sacrum in both those groups 
also shows a divergence from existing Reptiles, which is markedly 
Avian. On the other hand, the small number of sacral vertebrae 
found in the Archceojjtery.r has proved that a bird may have 
the sacrum no more Cf»niplox than in Ornitbovsaurs and Dinosaurs. 
The bird’s sacrum formerly had a simpler structun^, as the 

intervertebral articulation was Bimj)leT ; and we ox])ect to lind 
some of tht5 distinctive osteologicjil attributes of existing birds 
wanting among earlier representatives of the class. This would 
also be a fair inlVuenoe from Prof. Jluxloy’s exposition of the sacrum 
of the fowl. Saend vertebrui are defined by tlieir nerves uniting to 
form the sacral plexus ; judged by this t<;st, the fowl has ^i^ e sacral 
vertebra?. But ossification lias extcinh^d beyond them, so as to 
incorporate in the saerinn the four anterior verti bra) which were 
originally dorso-lumha.r, and the five posterior veutebne v hicb were 
originally candal. Wben the lunnher of vertehne is reduced, the 
structure of the sacrum may he simplified. At the present day the 
most- striking character of a Viird's sacrum is tlie absence of trans- 
verse processes ext ending outward fiom the bases of the true sacral 
vertebra?, so that deej) depressions are formed in its middh' region, 
comparable to the entire sacrum in some Ornithosaurs. These 
depressions contain t he middle lubes of tho kidneys, and therefore 
may be presumed to he due to the way in which the development 
of those organs goverin d the ossification. Hence the presence or 
absence of this osteological eliaracter would imply no more than a 
slight difference in the deep-seated condition of the kidnej ; so that 
the renal recess might ho wanting, without implying any important 
difference in organization. ^ 

The specimen which I am about to describe wants the modified 
renal recesses of the sacral vertebra? of the sacrum (PI. XII. figs. 2, B), 
the ty]>ically Avian saddle-shaped intervertebral articulation (fig. 4), 
and the largo number of vertebra? commonly found in a sacrum in 
existing birds. It is in the Fox collection of the British Museum, 
and is distinguished by the number . 

This sacrum is 9*6 centimetres long and slightly curved, so as 
to be concave in length on the ventral aspect (fig. 3), though the 
original curvature may have been less than the specimen now shows. 
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The bodies of the vertebrse and neural arches are both higher in 
the anterior part of the specimen than in the posterior part, towards 
which the depression steadilj^ augments (fig. 3). 

Anteriorly the articular face of the first centrum is transversely 
ovate, as among many birds, fully 15 millim. deep, and 20 milliin. 
wide, as preserved (fig. 4). It is in the main ttattened, apparently 
slightly concave from above downward, with a sharp peripheral 
edge, now a little broken and showing fine cellular tissue. 

Tlje posterior articular face is much smaller, and is also extended 
transversely (fig. 5). It measures over 15 millim. wide at the base, 
and is much narrower below the neural canal, towards which the sides 
converge upward. It is over 0 millim. deep. 'Ihero are two small 
abraded tubercles which look downward, placed at the outer angles 
of the base. The articular surface of the centrum is flattened, but 
sliglitl}’ concave, and has a small prominence extending backward 
below the neural canal ; the \rhole surface is inclined obliquely 
forward so as to look obliquely backward and upward. The small 
articulation for the caudal vertebra, as compared with the inter- 
vertebral articulation in the dorsal region, is a character which has 
not been found in Dinosauria, and, like the transverse extension, 
is Avian, though the latter character is also found among some 
Oriiithosaurs. The small caudal articulation implies a small tail ; 
and it will subsequently bo seen that we are entitled to infer that 
this tail was of the typo which characterizes existing birds. 

The sacrum includes six vertebra', which ju'o [)orfectly anehylosod 
together (figs. 1, 2, 3). 

The transverse ])rocos8es ( figs. 1 , 2, 3, « ) are given off at the junction 
of the centrums. They extend from their origin on the sides of the 
vertebrae up to the neural platform, which is a horizontal lamina, 
formed by the blending of the ncairal arches, (;x tending along the 
sacrum on each side of tbt^ neural s]>ine. This ])latforra (fig. 3, n;>) 
in its anterior ])art is directed outward and slightly upward ; in the 
hinder part it is horizontal. The height from the base of the 
centrum to the neural platform at the junction of the first and 
second vertobru) is 2*2 centim. ; at the junction of the fourth and 
fifth vertebra? the corresponding measurement is 14 millim. The 
neural platform does not appear to extend to the sixth vertebra. 
The width of the neural platform at the second vertebra is 14 
millim. ; at the fourth vertebra it is about 2 millim. wider. The 
neural spine is broken (fig. 3, ns)^ but appears to form a thin con- 
tinuous vertical plate from the second to the fifth vertebra (fig. 1 , ns). 
Its base is 3 millim. wide in front, but it is stronger in front than 
behind. As preserved, it is only half a centimetre high in front, 
and its height posteriorly was less. 

The posterior aspect of the sixth neural arch is worn, so that the 
zygapophyses are lost, but the neural spine is seen to be vertically 
grooved. ITie first vertebra has its zygapophysial facets preserved ; 
they have the characteristic oblique, curved. Avian ijosition resting 
flat upon the neural arch (fig. 4, z). 

The sides of the centrums are compressed, and the first two show 
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long concave lateral depressions, in which are impressed ovate 
aj)ertures of a pneumatic character (fig. 3, pri). 

The vertebral centrums are nearly equal in length, but become 
slightly shoiter posteriorly, and the sixth is conspicuously short 
(fig. 2). The first has a length of 1 7 niillim., the second of 1 6 millim., 
the third, fourth, and fifth are slightlj’ shorter, and the sixtli measures 
13 millim. 

The general asi)ect of the underside of the centrum is flattened, 
with the flattening augmenting i>osteriorly. The first centrum is 
decidedly convex from side to side and concave in length, hut the 
longitudinal concavity becomes obliterated with the next vertebra. 
The transverse measurement is from 12 to 13 millim. In the second 
vertebra the centrum is a little wider and flatter, and it widens 
posteriorly because the transverse process descends almost to the 
level of the base of the centrum, and widens transversely in a direc- 
tion nearly hori/ontal. In the third verUbra the widtii is ncrirl}’^ 
15 millim.: in the fourth it is 10 millim., and in the fifth and 
sixth it is 13 millim. 

The first- transverse process (fig. 3. <) is on the neural arcli : but in 
the succeeding vertebne they de.seend, till the bast; of the fourtli ])ro- 
cess is on alcvel with the base of th<5centj um : tluir antero-posterior 
extent gradually increases as they extend backward. The sixth 
vertebra is at first less conspicuous tlian the others, because its 
transverse proct!Ss df)es not descend to the base of tln‘ centrum, from 
which it is defined by an cmarginatioii. All the fransverse pro- 
cesses, exct^])t the last, arebrolvon (tig. 2), and 11 k' ineasuiement across 
them and the iMt(?rv(‘tnng vertebra, as prt‘servt'd, in no case exceeds 
3 ca'iitim. ; but the tibrasion is ju-obably sligld, since the ])roeessc8 
are as long as in many existing birds, and in some cases the corre- 
spondence with birds in eonlonr and longtli of the ])roccsses is 
absolute. 

Tlie side of the sacrum below the neural jdatform and between 
the transverse ])rocesses appears in all cases to lu' excavated. The 
transverse process belw('en the first and second vertebra? is vertical, 
15 millim. high and (» millim. from front to back. Tlu; other 
processes have some resemldances with Jhuiahmtunus^ but appear to be 
veHical (fig. 3, t) and constricted in tlu^ middle, excc])! the last, which 
is sub-ovate, but little elevated, 12 millim. high and 10 millim. wide. 

The neural canal is wi<]or than high (figs. 4, 5). 

The only extinct animals with which this ty}>e of sacrum can he 
compared are Dinosaurs and Ornithosaurs. With described Dino- 
saurs, notwithstanding many gemeral pj)ints of resemblance, it has 
comparatively little in common. Ao genus approaches it more 
nearly than JJypsilophodon^ in which the character of the sacrum is 
altogether difi'erent in the transverse jirocesses of the first sacral 
being given off on a level with the base of the centrum, while in the 
later vciiebnc these processes originate higher up on the sides of the 
centrum. Mr. Hulkc has described a shallow median groove as 
oconpjdng the ventral surface of the centrums of the sacrum in that 
genus ; but it is very different in character from the vascular groove 
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2, vc) seen in the median line of this fossil, which is better com- 
pared with the similar groove seen on the sacral centra in Vultures 
and IcJithi/ornis victor. If we were to say that the general analogy 
with Dinosaurs is such as to give a reasonable probability that some 
member of the group will be found to resemble it, the prediction 
would not seem inadmissible ; but it would only be another mode of 
recognizing the approximation of the sacrum in Dinosaurs towards 
that structure in birds. Unfortunately nothing is known of the 
sacrum in British Dinosaurs with pneumatic vertebroc ; but if the 
American types which are thus characterized may be taken in 
evidence, the sacrum has nothing in common with the saerum 
described which would ttuid to atfiliato it to the Dinosauria. 

The sacral vertchne in Ornithosatirs arc also united int o a sacuum. 
Yon Meyer has stated the niimher of Atu'tt'brie in s])ecios from the 
Solenhofen Slate at from 5 to (>. They are anehylosed at a suffi- 
ciently late ])eriod for tlic vertebra' not to sliow the diminisluHl 
lengtli seen in the sacrum of a bird. 'I'herc' is a resi'inblaiujo to 
the fossil in the Iransvcisc form of tlu' articular lace of (he (*e;ntrum, 
a less resemblance to tlu' concave aiticidar surface oi tlu' lirst sacral 
vertebra, and no rcstan bianco to tlu' tlat or eoncavo articulation of 
its last vertebra, which in Cretaeeons Ornithosaurs is convex. 
There is a general resemblance in tbi^ pmaimatic character of the 
bones; but I am not. aware that any Ornithosaur has the Ibramina 
similarly situati!, or that the strneture of th<; sacrum is such jis this 
fossil shows. 

Tiii'iiing to birds, the form of the articular face of the lirst sacral 
vertebra is variable, so that tin; (lannet, which lias the lowei* dorsal 
vcrt(;bra; almost bieoneasa^ has the articular i\\vc Hat, with ft central 
pit in llie lir.st vertebra oi' the sacral mass, wliich cannot be t(;niu;d 
sacral, since it carries ribs. Tiiere is thendbrc' no insiiiierablc 
dilhciilty ill tin; absence of the tyjiical Avian articnlalion of the 
first vertebra in iiiterjna'ting the sacrum as that of a bird, since the 
Avian articiilc.tion has already been found to be absent, in the sacrum 
of /"JiidI tociilii from the C’aiubridge Greensand, and in that of Ichthtf- 
oruis, figuri'd li}' Professor Alarsli. 

In JchtJiyorvis (tisfxi r ^ there are t.en vertebra) in the sacrum ; Imt 
the specimen forms an interesting link with our fossil, in differing 
trom* existing birds by Tn>t li.aving the transverse jirocesses of the 
middle sacral vcrtfOira; clevat-ed from llie contrum on to the neural 
arch. It is triu' that tliey rise a little on the last three sacral vertebrae 
of IrJuInfnrnis (Hsp<n\ }>ut then there are more vertelirio in the sacrum 
than in tliis fossil, ivhlluforrus^ however, is no near ally. 

Among existing Inrds, 1 was led to seek an elucidation of the 
fossil among the Penguins rather than anv other type, because their 
dorsal vertebne present the oinsthoealons deviation from tlie Avian 
articuhition, whicli has already olfered a sng-gestive exj>Ia.nation of 
the opisthocadous articulation in certain vertelira) of some Dinosaurs, 
towards which tht' sacrum may approximate in a general way. The 
sacrum of A pie not Jy ten, however, is typically Avian. Yet in the 
* Jehihyornis victor may be generically distinct. 
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large A, Forsteri^ which is not dissimilar in size, there is enough in 
common with the fossil to make some comparisons instructive. 

In the skeleton of Aptmodytes Forsteri^ in the Osteological Col- 
lection of the Jlritish Museum, numbered 1 107 h, the presacral ver- 
tebra is imperfectly’' anchylosed to the sacrum, and comes away 
leaving a rugose surface, which is slightly convex from the ventral 
margin to the neural canal. This is the converse condition to that 
seen in the fossil. But just as birds have the vertebrae biconcave, 
flat, and opisthococlous, as well as saddle-shaped in the inter central 
articulation, there is no antecedent improbability in an extinct bird 
having the articulation procoelous. 

This Penguin’s sacrum contains ten vertebne, and differs from 
the fossil in many details. It has not the median ventral canal, 
nor the pneumatic pits ; but the Penguin is exceptional among water- 
birds in that respect. The transverse processes of the early sacral 
vertebra^ of the I’enguin are inclined forward as they ascend from 
the centrum to the neural platform, so that the process rises from one 
centrum to the neural arch in front of it ; whereas in the fossil the 
processes are vertical, and given off* at the junction of two centrums. 
The middle three sacral vertebrae of the Penguin, have the character 
already' discussed as typical of existing birds, the attachments for 
the ilium being given off from the neural arch, and this is an 
important difference from the fossil. But the posterior widening of 
the transverse processes seen in the Penguin is well marked in the 
fossil. And the last voi i - bra has the vertically ovate tubercle for 
the ilium upon its own ceJiCrum, and is conditioned in every respect 
in the same way' in the Penguin (fig. *(>) and the fossil (fig. 5). The 
correspoii deuce is almost as close in the character of the transverse 
processes and zy'gapophyses of the first sacral vertebra. The resem- 
blances further include the flatttuied neural platform, which is better 
developed in the fossil than in tin Penguin. The neural spine in the 
fossil is thinner, more as in ordiiia ' birds, and apparently lower than 
in the Penguin. Another resemblance is in the descent of the trans- 
verse processes from the neural platform in the first vertebra to the 
base of the centrum in, the fourth vertebra, in consequence of which 
the first two vertebroe have their bodies compressed from side to side 
(fig. S). In both types the bodies of these vertebreo are of similar 
form, the first rather flattened on the underside and concave in 
length, the second widening as it extends posteriorly'. Though the 
centrums in the fossil arc approximately of equal length, their length 
diminishes in the middle of the sacrum in a way' which is Avian, 
though the shortening is less than in existing birds. Prom the Avian 
form of the last sacral vertebra it may' perhaps ho legitimately 
inferred that the tail was not unlike that of a Penguin. 

From this comparison it is manifest that the ditiercnces which the 
fossil shows from existing birds are three : flrst, the small number 
of vertebrae in the sacrum ; secondly, the absence of the sacral 
recesses for the middle lobes of the kidneys ; and, thirdly', the form 
of the articular face of the first sacral vertebra. Fossil birds lessen 
the importance of these difterenccs : first the ArcJiceojyteryx has as 
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few vertebrse in the sacrum ; while Icfithyomis dispar has no renal 
recesses in the middle of the sacrum ; and the Gannet makes a 
sufficiently near approximation to the form of the articulation to 
remove any improbability as to its being a modified Avian form. 

I therefore venture to submit, on the evidence of the resemblances 
and coii8idcratit>U8 which have been discussed, that Ornithodcsinus 
is probably a bird ; but it differs from existing birds, so as to suggest 
that it is a link towards lower forms. It cannot be placed in any 
existing division of the class, but approximates towards Dinosaurs 
in a way of which no bird had previously given evidence. 

I am indebted to Dr. Henry Woodward, F.li.S., for facilities 
afforded me in making this study. 

EXPLANATION OF FIGURES. 

Plate XIL 

ns, neural spine ; t, transverse process ; prezygapophysis ; p::, postrygapo- 
phyriis ; np, neural platform ; pn, pneumatic foramen ; vc, vascular groove. 

Fig. 1. Dorsal view of sacrum of Ormthocl<‘srmiis chmicultts. 

2. Ventral view of sacrum. 

3. Lateral view of sacrum. 

4. Anterior articular end of first sacral vertebra. 

5. Posterior articular end of last sacral vertebra. 

6. Posterior articular face of last sacral vertebra of Aptenodytes 

Forsteri, 

(For the Discussior on this paper, see ]>. 219.) 
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18. On Hetebosttchits valdensis, Seeley^ a Proccelian Crocodile 
from the Hastings 8axd of Hastings. By H. G. Seelet, 
F.li.8., P’.G.S., Professor of Geography in King’s College, 
London. (Read Marcli 9, 1887.) 

[Plate XTl.] 

The specimon in the British Mnscuiii, nmn))ered B0555, came there 
in the s(K‘oti<1 AIiint<dlian eoHociion, which was acquired after i)r. 
Mantell’s death. It is part of a tliin ironstone nodule, lU centiin. 
long and (5 e.eiitini. wide, from the Hastifjgs Sand of Hastings, mani- 
festly water-worn, hut. coidaiiiing vertelnae wliich have not hitherto 
been determined, 'fin* noduh* (PI. Xll. fig. 7 ) displays the remains of 
fully a <lo/(ai v<*r(t‘hr;e, wliich (‘xtend round tlu* nodule in parts of more, 
than one coil, so arrangeil as to ex])ose. the veiitnd sisrfac*? or bodies 
of the vcndehrie, towaivl'^ the external margin of the eoriert'tion. 
'I'lieso Viut.eline indieat(‘ a prueodian CnK-odih* of small size; and 
Jilthongh the remains are so imp(‘rfeeU 1 reha- tlnnii to a new gtaias, 
sineolheir forms ar<' ditreront from those of any I*iirheck Crocodiles 
or other deseiib(*d (hotiodilia.. 

Th(! noduh^ displays some oth<‘r veH(‘hrat<' remains which may 
possibly lielong to juiother kind of animal. Thus in a transv<‘rse 
fraetun* tin' ontlim'S may h<‘ tra<*ed of two long ovals which I'xteiid 
in tin* sanu' axis, and may ro}ues(‘nt the supmior aspect of the 
parietal region of a small skull, in Avhieh t'aeli temporal ftissa is 1 or 
LI millim. with' and 7 tnillim. long. The extca iial sui t'aco appear.s to 
show ji very lin<‘ paiirtate ornane'nt, not unlike that seen in some 
small I’urheek Crocodile^ : and what might he the (piadiate bnm‘ is 
sc'cn to extend in an <Mtt\vard dirts’tion as it is pTolonged dislally. 
No ])roeo’lian < 'rocodile lias tin' lennxnal vacuities elongated in this 
way : hut from the imperfect ])rt‘MTvation and ^mall size I am 
doubtful wlu'tln'r the skull should lu' refenwl to the same animal as 
the V('rtehni% on the liypothesis that it is to ht' inelwded in the 
Proeadia. 

On the worn external surface of the nodule, somewlmt below the 
remains of the saeruin, are some ohscurt' outlines of bones, which 
(‘an only be fdlowed with ditHc'ully, hut which may be pubis and 
ischium ; and in the ]>o'^ition in wliich the ac(‘lalmliim might exist, 
there is a well deli ned l.emispluu-ieal pit. 'These bones are mrfch 
sm.aller than would have been ox]U‘et<'d ; hut their j)roximity to the 
sacral Vi'rtehra makt's it impvwtant to remark that- the aeetahnlum 
is that (»f a lacx'rriliaii, while the forms of tin' hones which combine 
to fonn it are not crocodilian. In the ])ossibility that all the 
remains may h(> ])ortions of one animal, this fossil would diverge 
from existing (•rocndilos in a din'ction of whi( h no crocodilian has 
hitherto given eviih'Uce. 

The vertohiTi' include one late eervieal, eight dorsals, and two 
wliich imiy be classed as snerul. These vert(‘bne are remarkable 
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for a completeness of ossification which existing Crocodiles do not 
show- 1 have no doubt that the specimen was mature, on account 
of the length of the neiinjl spines (tig. 7, ns). All traces of sutures 
are obliterated, and tluae is no traet' of tb(‘ inllatioii wliich, in living 
Crocodiles, eoinnionly marks the line of llu* neuro-eentriil suture. 
The articular ball of the centrum was as well ossilied as in a lizard 
or serpent Ibe ridges on lheu])per‘ ])art of tlie mairal 

arch aredetined ^^'it,h a sharpness unknown among living (Tooodiles, 
and siigg('stively Dinosaurian. d'ho most distinctive features, how- 
ever, of lh«‘se vert ebne are, tJie side-to-sidt* coiii})ression of the bodies 
of the centrums, and th(‘ comparatively depressed neural arch, with 
its strojig zygapo])h vsial ridgt‘s and well -dev('l<)][) 0 (l mairal s])ine. 
'file inferior y-sha])ed a]»i)roxiTna( iuii <if the sidt^s of the centrum, 
which throws the neui al arcii out laiorally a]>ovc, is t he principal 
generic character seen in the dorsal region. ITu* cervical verlel>rie arc 
so ini])eiTeetK t‘Xj)os{‘d t’nat it is dithcult. to draw gemaic chaiactors 
from them; hut if llic ^>ue s])eeim(‘n seen is rightly d<dennim-d, it 
shows a fundamental ditter<' nee from proeo'lian (h\>codih‘s in tho ele- 
vation of ilie facet for tlio rih upon tln‘ neur.iJ arch ton position which 
almost adjoins tiic inczygapophysis. Hut as th(‘se veitt^hrjc are not 
continuous with the dorsal series, and then' is no dia]ioj)hy.sial 
tulx.'rrie on the neural arcli, 1 liesitate to draw what would other- 
wise he a legitimate (‘onclu>ioii as to attinilies from this charact i‘r. 

'fwo or tiiree ( ervieal vert.ohra' are ])res(mt, Imt only one is 
partially free t’roin the matrix. I'he .second specimen siiows the 
outline of the neural arcli fioin above; lad lli(‘ neural sjiines. wlii»*h 
had t ii<‘ usual anliador j)ositioii, are not prescjrvod. 'J’he measuretiH'nt 
is i!4 inillim, from the ]U'ez\ gapophysi.s to the j>osl/.yga))oi»hs sis, and 
abimt 17 millim. Irom side to siilc over lln^ zygapophysial facets, 
while the least side-1 o-side measurement in tin*, median const riedion 
is IS iniilim. fhe one verte!)ra wliich is pailj}' free, though Imdly 
])r(‘sersa'<l, sliows the neural arcli to liavc; been greatly depresst'd, so 
that tlie lieiglil from tlie ])asi* of the eenti’um to the z:vga]>o]>hy.siH is 
about io ijjiliim.. and thi is apjait'enlly al.^o about the lengtli of the 
centrum. The h ft siih’ of tlu* centrum is sulxjuadratc and concave, 
with a >mall circular fa(a*t hir tho diajjophy^is (external to and 
impiarssed iinnu'diately hehiw and ladiind the pre/.ygapophysial facet. 
Tlu'reis no trac(‘ of a t ulwia'le, such as is seen in Cna-odiles ; thongli 
the parapojdiN sis has the usual oblong form, compresnf'd from aljovo 
downward, and. though quite on the base (d the sid<' of the centrum, 
is furthe r di>tai;t from its anterior hord(*r than in (existing Crocodiles. 
The under surface (»f the centrum is too imjxM'foclly jireiserved to 
indicate whether a hy})apoj>hysis was develojK'd ; Imt the (onargi- 
natioii of the undei-sides of the bastes of the ])ara]K>]»hysial tubercles 
defines a constricted base to the centrum whieli is not seen in e xisting 
Crocodiles. 

Seven dorsal vertebrae extend in Continuous Hrapionce, and their 
centrums appear to increase slightly in length they extend back- 
ward. All are marked by the obliquity of the cup and ball, wdiich 
is rather more pronounc^ than in existing Crocodiles ; but as the 
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inferior margin of the cup is in every case worn, the obliquity ap^ars 
greater than it was in life. Each centrum is about 19 millim. long ; 
the articular ball is well rounded. The form of the centrum is 
compressed from side to side below, with the base rounded. The 
sides are concave, without any thickening of the bone in the position 
where, the neurocentral suture is usually present. The transverse 
processes are broken, but enough remains to show that the usual 
posterior concave incision existed between the transverse process 
and the postzygapophj'^sis. Erom the hinder margin of the transverse 
process a sharp ridge descends in a concave curve as it extends 
backward to the outer border of the articular bfill. Posterior 
to this ridge the bone of the neural arch is impressed, and ascends 
to the postzygaiiopbysis. The underside of the transverse process 
(fig. 8, /) which was compressed from above downward in the usual 
way, appears to have been convex at its base. Erom both tlic anterior 
and posterior zygapophyses well-defined compressed rounded ridges 
ascend and converge, as they extend inward towards the nenral 
spine, lletwoon these ridges is a concave recess with a flat base, 
forming the inward termination of the upperside of the transverse 
jprocesB. The height from thebiiseof the centrum to th<‘ transverse 
process is greater in the anterior vertehrsc of the series than in 
the later ones. In the third it is 1 5 millim. ; towards the end it is 
Hcarcdy more than a centimetre. The neural spines are wdl 
dcvelop('(l ; th<’v ascend vertically in the anterior vertebra' and 
are inclined slightly forward in the later ones. The height from the 
base of the centrum to tlu‘ summit of the neural spine is alamt .‘18 
millim. Tl\o spine widens a little towards its summit, which is 
convex from front to hack ; its anterior and posterior margins 
are slightly conc/ivc. 

A lum])ar contrnra is present, and exliibits a rat luT nairow neural 
canal. 

The sacral vertehrie are imperiectly preserved ; there were 
probably two. From the second the transverse ])rocesse8 are 
completely lost, hut the first shows these ])roce8sea to have been 
quadrate and strong. As in existing Crocodiles, they are concave in 
front, llattenod above, ami, jis they ex h'nd outward, depressed below 
the prezygapophyses. '.rhe transverse mt'asurement across the 
processes, as preserved, is 25 millim. 

The vertebral characters described show divergences from existing 
Crocodilia, such os on the whole are approximations towards Dido- 
saurian types of M'ealden age, a condition of more interest from 
tho Crocodiles of tho (losau beds having shown some approxima- 
tions in vertebral characters to the Cosau Dinosaurs. 

A few isolated vertebra^ of similar character were collected bj" 
Dr. Mantell, from Tilgato, and from Drook in the Isle of Wight. A 
small caudal vertebra from Tilgate has the base of the centrum 
compressed from side to side and rounded, with a concave impression 
above the middle of the side, immediately beneath the transverse 
process. The prezygapophysis is long ^d directed upward and 
outward. The articular cup is perfectly circular. The centrum is 
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1 3 millim. long. Another Tilgate caudal vertebra, later in the seriea, 
is about 15 millim. long. It possessed the transverse process and 
well-developed procoelian articulation ; but the neural arch is greatly 
shortened tind limited to the middle of. the centrum, as in some 
Dinosaurs. The procoelian. vertebrae of similar size are from Brook. 
The specimen 3(>524, however, has the centrum as well rounded 
from side to side as in existing Crocodiles, and is not referable to 
this genus. 

It may be interesting to remark that although this is the oldest 
procoelian Crocodile hitherto described, the British Museum contains 
a single cervical vertebra, no. 48244, from the Purbeck b(‘ds, which 
has a well-defined proccelian cu]), and the cervical neural arch is 
(jonstrueted on the usual crocodilian plan. 

The existence of this form of vertebra in the Purbeck beds 
accentuates the apparent dilTereiice of the <‘ervicnl articulation for 
the rib in the Wcalden speeimen, a difiereuee sufficiently remarkable 
to make more striking modifications of the skull and prdvis not 
impossible. 

I am indebted to Dr. ITcniy AVoodward, F.K.S., for tlie facilities 
afforded me in studying and describing this specimen. 

t]XPLAKATION OV KIGUBES. 

Plxtk XIT. 

ncurni spine; t, transverse j)rocesF. 

Fip- 7. Slab, eliowinp seqtienee of dorsal vertebree of HcfrrosKchufi rcifdntsu 
Seeley. 

8. View of the same slab, showing the underside of the centrunis of the 
dorsal vertebrae 
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19. On Patricosaitrith mkrocratuh, Seeley ^ a Lizard from the Cam- 
mrtijor Gkernband, ‘presirved. in the AVoodwardiajs Mpseum 
of the ITjs’ivEKsiTy of C’ambutd«e. By 11. O. Sf-klka, F.Il.S., 
F.G.S., ProfosMor of Geog^rapliy in lvinf>\s College, London. 
(Hoad Alnrch 9, J 887. ) 

[Platk XII. 1 

Ko laccrtilian has hitiicrto been recorded from the Cambridge 
Greensand. The eomparat-ive rarity^ of ibis group of animals in the 
deposit/ is evidenced by the fact that only two fragments of lizard- 
bones are Unown to me to have ]>een found during tin' whole period 
in which its fossils have been collected. One of tliese is a sacral 
vertebra with tlie transverse ])rocess(‘H broken aw'ay, which was, I 
])elicve, collected l)y the Lev. 11. (i. Hay ]>rior to l85J). The other 
is tlui proximal end of a femur oldaiiud recently by Mr, A. F. 
Griffith. Slight as is the material, it is Avorth rtM-ording as eviilcnce 
of a terrestrial animal of a relatively large siz(^, and more nearly 
allied to e.visting lizards than are th(^ other Cretaceous representa- 
tives of this order of auimals. 

IIkuit Fkmci.* (PI. XU. ligs. 9, lo). 

l'h(» i)roxin)al end of llie right iVmur now descrilud is larger than 
the corn'sponding hoiu^ in the larg(‘st existing .Monitor. Jt av;ls 
iitu'ortunalely tinctured, suhs(‘.<juent ly to Ixdng minei’alized. at. a 
point ludow the ai ticular head, just wiaae tlie slnifl beeomc'S trian- 
gular, so that l.h<‘ lengtli of the hoin* and its distal cliaract(‘rs arc 
entirely <-onjecl iii al. Tin* shaft consistv^ of dtMis<* hot»y tissui', a.'* in 
existing lizards, with a small medullary cavity. Tlic fragment re 
about 8 cciitim. long. It has the eharaeferistic Aan tieal com])ression 
and forwanl curvature of the con\<‘.\ articular liead, and the usual 
front-to-baek com})r<'Ssion of the inferior trochauler, which, however, 
o.xtends further proxiiiially than in existing lizards. Tin* fragment 
has experitmeed a little attrition, and thin (‘xternal (^pijdiysial 
layer of bone is partly removed fn»m t]»e proximal articular surfaee — 
a character of some interest as n‘]K*atiug tlie ei>i]»liysial growth 
which is often sci'ii in existing lizards, but in a form no thickm* th^ 
in the limb-bones of some breeds of domestic fowls, like Bramalre, 
when a w'eek or two old. 

The proxiuifd articular siirlact' is semiein*ular from front to back ; 
it is li centim. wide. Its superior tiutline, viewed from the proximal 
end, is comma-sha]HM], being a eeiitiinelre wide in front, and becoming 
narrower as it e.xt-iuuls )>ack\vard. From above downward the 
articulation is convex, about li? inillim. thick in the middle, and 
narrowing away behind. The convrxity of the anterior part of the 
smootli rounded articular head is suggestive of the limb haAdiig been 
carried in a position well raised from the ground. The axis of the 
articular head of the bone is directed inward and very ^lightly 
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Upward. The superior aspect of the shaft, which the articulation 
terminates, is concave ; and the concavity runs into the middle of 
the articulation to give it its crescentic or comma-shaped form (fig. 9). 
In the Nilotic Monitor this depression receives a talon-like spur from 
the proximal epiphysis. The anterior margin of the bone below 
the artieular head is concave as it extends distally, but the pos- 
terior margin of the superior aspect of tlie shaft- was thicker, tro- 
chanteroid, aud probably convex in length; though, being a little 
abraded, it cun only be seen to widen and ijillate the hone below 
and htdiind the articulation. As already roinurked, the shaft is tri- 
angular ; and I am dis]>osed to term the other two sides of the hone 
anterior and ])osterior, as tliey lie in front of or behind the inferior or 
great trochanter. At its fracture the sliaft measures one contirn. 
from above downwards, and 1) mill i in. from side to side; the outline 
is flat above and heiiind, more cunivex and wider at tlio inferior tro- 
chanteric margin than at tlu> other angles. 

The great trochanteric ridge extends longitudinally on the middle 
of the underside (tig. 10), converging rapidly down ward to the shaft, 
and is vertical to the superior aspect of the shaft, like tlie stem of a 
capital T ; the thic*kncss through tin? bone at its proximal termi- 
nation is about 17 milliin., though the superior ]>ir)ximal oximusion 
of the articular surface increases the thickness of tlie hone to about 
22 millirn. This charaettuistie lacertilian trochanteric process ex- 
tends to within nearly a centinudre of the proximal extremity of 
the hone ; it is concave in length, curving forw’ard proximally, is 
about 0 millirn. thick, and somewhat flattened below, with the 
anterior margin rounded. 

The anterior aspect of the bonct is concave, so that the constriction 
of this side, combined with the concavity of the superior surface, gives 
a well-defined character to the articular head, almost, like a m^ck, if 
it were not that t;hes<3 sides converge anteriorly t o form a sharp ridge 
which unites them, and becomes flattened as it extemds down the 
shaft. There is a mark of strong muscular attachment, of which a 
centimetre is preserved, which commences one centimetre below the 
trochanteroid ridge, on the infeiior liorder of its anterior aspect. 

The posterior aspect of the bone can only bo described as saddlc- 
shaxicd, being convex in length and channelled with a wide, smooth, 
concave dc]>ression, wliich lies between the inferior and sujierior 
trochanters, and curve.s forw’ard beneath the articular head. The 
width across the trochanters, where greatat, is 18 millirn. There 
is a small ))it about millirn. in diameter, which lies immediately 
behind and below tlie jiosterior trochanteroid margin, so as to be 
between that process and the narrow termination of the articulation 
of the proximal articular surface. Owing to the jiosterior thickening 
of the lateral margin of the? great trochanter, its inferior border is 
wider than the part which rises from the head. 

There is no existing lacertilian which this fossil closely resembles. 
Compared with the Monitor, the more striking difi'erences are that 
the fossil has the articular surface more developed on the upper and 
anterior parts of the head, so as to form a deep concavity in the 
aJ.G.8. No. 170 . 0, 
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middle of the superior aspect. Secondly, the great trochanter ex- 
IcndK further proximally» but is not developed to the same depth 
distally. The weli-mnrked lorigiiudinal jmsterior coiioavity defined 
])y the reflected ]» 08 ienor margin of the trochanter is also a distinctive 
feature. The comparntivclv thin )n-oximal C'piphysis seems to mark 
the beginning of a <jfmdition f)f t)ie extr<‘inities which has attained 
greater development in modern lizards. Yet thci oonfignration of 
the bone is in no sonse embrv»>nio or iiidieat iv<* of imperfect ossifi- 
cation, but rather sliows Hint the modern lizards have divei god from 
this ancient type so far that it is likely to belong rather to a sub- 
ordinal modification than to an extinct family. 

FinsT SAtRAT, VEIlTKintA (PI. XI 1 . tigs. 11, 12). 

It is impoHsilde to say that tlie veHcbra whicli is now to bo 
described j>ertained to llio same spe<*i<‘s as tht‘ femur, for tlicrc is 
no record of the exact locality in the maghhourhood of (*ain bridge 
from wdiieb tin* spocinums w'cre obtained ; but since there is nothing 
inconsistent with natural assoeiation in tln^ eharacteristicB of the 
two bones, and lb(‘ saernm, whih‘ conforming to tbt^ general ]»lan of 
existing lizards, yet differs from tlicrn in notable <‘baraeteristies of 
the neural arch, I hav(‘ not hesitated to doHcribe them as probably 
the remains of tlic saim* species. 

Tlie fossil consists of the first sacral vertebra mjuh* up of the 
com]dete ceidrtiin. the neural areh, which has lost iieiira] spine, 
and the prt)zygai)opliyses ; and tli(‘ *<ransverse processes w liich arc 
fractured through the middle we.n* ]>robably fom]>letc wlieti the 
spei'imen W'as discovercal. 'rUese ]»aris an^ united togetla'i by eo7i- 
spieuous sutiirtjs (tig. 1 1 ). 

The eentrum is d(']>ii‘ss<Ml, 11 milliin. long and M millim. wide, to 
the sutures wuth tin* sacral ribs, w’bicli fonu (juadiate t laiisverse 
})r<>cesHt‘s. I’lie inf rior suriace is eoncavt^ in haigtli and convex 
from side to sidt' in 1lit‘ middle, ]K‘e<>mir»g de)»rt\ssed laterally and 
eunstricted posteriorly troin side to side, so that behind the trans- 
verse processes the boiu' narrow s toAvards the ])ostorior surfaco to a 
■width of 0 millim. 

The anterior articidar eu}> is about 1 1 millim. wude aiid 7 millim. 
dee]>, transversely n-niform, witli a eoncavity above impressed by the 
neural canal, tind tlie convexity below. It may have been slightly 
deeper, since the inferit)r margin i.s worn. I t is moderately concave 
from side to side and from .above downward, and shows in the middle 
a small notochordal }»it. Tla^ ]>osterior articular surface is much 
smaller and, though lujt perfectly preserved, may bo described as 
semicircular, 0 millim. Avidc and nearly « nnllim. deep, very slightly 
convex from side to side, hut on ilu^ whole flattened, ■with a small 
central notochordal pit. 

The neural arch is sharjdy dotined by the sutures which separate 
it from the transverse jirocesses but the suture which diAudes it 
from the centmm placed at the summit of the anterior articular 
cup is only seen on the right side. The width of the neural arch 
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is 13 millim., but rather more dorsally, and slightly lees on the 
centrum as the sutures with the transverse processes diverge upward. 
The prez^'gapophyscs are broken away, hut the width across them 
from side to side was about 9 millim. Behind the tniusvorse ])ro- 
cosses the bone, is notched in, so that the neiinil platform projects 
backward to form the postzygapophysos, and the measurement is a 
little less over them from side to side tlian over the ]U'ezyga]>ophy8<*s. 
The dorsal as}>eet of the neural arch is the most distinct iv(‘ feature 
of the specimen, each half of it heing horizontal and ll it toned, witli 
a depression at the base of tlie neural spine, \vhi«*}i was narrow and 
is brokf'ri away. There is no trace of zygapop.iysial ridgocs such as 
occiir in J^(tran>4s and some other lizards. Tin* mairal (anal is ver- 
tically ovate in front, and reaches nearly tin' height of tlie inairal 
arch. 7 millim., wliile the transverse' nn'asuicnuail is (ocr 5 millim. 

The transverse proec'.sses arf* direef<‘d outward and backward ns 
in the first vertebra of exist ijig lizards ( hg. 1 2 ), ddu y aia? compressc^d 
from side to side and from above downward, so that the taansverse 
section is vertically (jhlong and iiudined a little backward. The 
process cxf otids from the base of the centrum to the plut ibrm of the 
neural arch, and is 1 I millim. deep at the suture. It is S millim. 
wide at the bast* and 5 millim. wide at tin* neural platform, so that 
the flattened anterior aspects look ohlicpiely forward, outward, and 
u])w;ii'(l. 'riie posterior aspect is vertical, wit h ;i transvt'rse concavity 
in the middle. The post(5rior margins of the ]»rocesH('H !j]>]>oar to 
have bc^en sbarj) and angular, while tln^ anterior margins are slightly 
rounded. Both uj)])er (ind undc’T surfaces are flat toned and converge 
outward. The width of the fragment, as ))res(‘rved. is U4 millim. 

The most distinctive features of this vertel^ra are found in the 
convexity of the base of the centrum, and in tlie transverse ])ro- 
cesses rising to the level of the tiatiened neural ydatform. 

1 am accpiainted with no form of sacrum whicli ap])roximate3 
toward this fossil so as to need to be distinguished by further 
comj)urison. 


EXPLANATION OF FIGURES. 

Plate XII. 

(The flgxires are of the natural size.) 

Fig. 9. Antoro-Biiporior asywet of femur of l^africnsaurus vierocratus. 

10. Proxiu'al aspect of the same bone. 

11. Anterior aspect of first sacral vertebnu 

12. Inferior aspect of first sacral vertebra. 

Oiscussioi?. 

Mr. H ULKE said Ornithodcsmtift wms another old acxyuaintancc of 
his. Several bones were lound witli it, now’^ lost. He had looked 
upon it as rtcrodactylian, 

Mr. Blaneokd suggested that the name JRatricosaurus should be 
founded on one specimen, not on the two, lost they should prove to 
belong to distinct animals, and confusion result as to w'hich should 
bear the name. 
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Prof. Seeley said that out of many thousands of bones from the 
Cambridge Greensand that had passed through his hands these were 
the only fragments of Lizards. He thought no others were likely 
to be found for some time, and there was little chance of any re- 
mains of two Lizards occurring. If, however, one bone were to be 
selected as the type, he would take the femur, to which the specific 
name referred. 

With regard to Ornithodeamus^ he said that it differs from all 
Ornithosaurs in having a horizontal neural platform running through 
the sacrum, and from which a continuous neural spinous ridge rises. 
The transverse procesHCs and pnenmatic foramina did not tend to 
a] (proximate the two groups ; while, so fa.r as he was aware, the 
Wcalden Ornithosaurs had the ventral side of the sacrum much 
mo](! convex from side to side. He further pointed out that the 
texture and form of the sacral vertehrai difiered from those of known 
Pterod.'ictyles. 
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20. On Aristosuchtts pusillits { Owen \ beintj Fobthbr Notes on tfu 
F 0 SSII.S described by »Sir R. Oweh cts Poikilopletjron ptrsiLLxrs, 
* Owen , By H, G. Skelet, F.R.S., F.G.S., Professor of Geo- 
graphy in King’s College, London. (Read March 9, 1887.) 

[Platk XU.] 

The Palaeontographical Society in 1876 published a memoir u]H>n a 
VVealden fossil, which Sir Richard Owen described as Poihiloplenron 
pusiUns, These bones were then in the collection of the Rev. \V. 
Darwin Fox, and, with the exception of the tigiired dorsal and 
caudal vertebrae, subsequently passed into the British Museum, with 
tho Fox Collection. By the kindness of Dr. Henry Woodward, 
F.R.S., Keeper of the Geological Dc^pariincoit, 1 liave bt>on able to 
examine these remains, and I would ex])ress my indebtedness for 
the facilities given me in making the st u.U' of which the results 
follow. 

A qin‘stioTi necessarily arises as to the grounds on which tho animal 
is referred to the genus Pitlhilopburtui (recto l*f’ci/oj>lenr(nn)^ lu'caiise 
these are stated to be “■ the sliape and texturo of tlie vert(’})rie, and 
espeeiall}' the latte?'.'" 'J'liis stati'inent impli«>s i]jal wlnm a dorsal ver- 
tebra was divi<led vertically and longitudinally, it was found to have a 
medullary cavity, comparable to tiiat siion ii? t he v<u'le!wie of Pat/cl/o- 
plcitron. In tlie cainlal vertebra 1 lie cavity is larg(‘r. !)r. Leidy, who 
lias recorded a vertebra of the ype in the (h'elae.eous 

rocks of Colorado, remarks that an iiiternal cavity of like oliara(d.cr 
was only kn<?wu to him in the caudal vertehrLO of the Ox ; but it is 
pro])abiynot rare among Din(>.S4aurian reptiles. 31 r. llnlke lias shown 
that the charaeter is also found in J/cf/u/osao/rai*, and oLlier gimera 
with hollow verttdirie have been desci'ibed by Profs. Marsh and 
Cop(>. WhaUiver tho value of this character may he, J submit tliat 
it is not generic, .wliilo there is no evidence which would associate 
anv group of osteological characters with chambered vertebne 
of this type. 

Mr. llulke has advanced some evidence to show that Poihilo-- 
pleuron is d/<';/a/o,s*uartM, and it will be admitted that the conaj- 
spondenee in form and character of tho caudal vertebrae, and in tho 
distal end of tho tibia in these Oolitic Dinosaurs, if insufficient to 
establish absolute identity, at least proves a close affinity between 
them. And therefore the conclusion is legitimate that tho re- 
semblances found in tlie tail extend substantially to tlie sacrum, and 
that the same type of sacrum is found in l*(pihUoplrur<m as in Mefja- 
losnurus. When examining the validity of the genus Poikllopleuron 
Mr. llulke did not discuss the sacrum, which constitutes the chief 
part of the evidence for tho species PoilciloplcMroti pusiUus. 

It Sir Richard Owen is correct in his description of tho sacrum of 
that fossil in referring only two vertobrse to the sacral region, and 
if the sacrum of Megalosaavus consists of five anchylosed vertebrie, 
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it is manifest, I submit, that the Poilcilopleuron pxisillus and Mega- 
losaurus Bw'Mandi belong to two dissimilar genera. But the 
attem])tcd affiliation of the Wealden fossil, now under discussion, 
to the genus Poilriloplf'nrovt does not establish the sacral characters 
of the genus Poilnlciplearon^ or furnish any ground for associating 
the genus with the (Jroctodilia. The characters assigned to this 
fossil would rather go to show that it belongs to a genus which can 
have no near affinity to Poikilopleuron. In his llej^ort on I British 
Fossil lleptiles. Sir 11. Owen fully described the characters of the 
sacrum of MegaJomm'us, and he there jjoints out that the neural 
arch is shifted in position, so that it overlaps the centrums of two 
contiguous vertobraB, as in the Ostrich and other birds and some 
Chelonians, so as to cause the perforation for the sacral nerve to be 
placed above the middle of the centrum, and that the sacral ribs 
fire given off transversely at the junction of the bodies of the ver- 
tebrae. When the fossil noumodi Poilcilojyleiiron pusillus is examined, 
both these condilions of the Dinosaurian sacrum are found to be 
wanting. Each sacral centrum supports its own neural arch, the 
neural foramen lias the same relative position as in other parts of 
tbo vertebral (udunm ; and the sacral ribs are given oif from the 
bodies of the veutebrsB, and not from the suture between them. It 
is therefore evident that the fossil is far removed from Megalomurus, 
and inferentially from Poilcilopleuron. As it differs in fundamental 
characters from known Dinosaurs, while there are strong reasons 
for believing it to he Dinosaurian, I regard it as the tyjje of a new 
genus, A-ristosuclius. 

Sir 11. Owen has figured some bones which were associated with 
this sacrum (see PI. Xll. fig. 14). There is a median symmetrical 
bone, to which are attached portions of a pair of rib>liko bones, on 
which the author observes, “ the nearest guess I can make as to 
their nature is that they represent part of t he scries of abdominal ribs 
with their sternum.” These remains 1 regard as the pubes. 

An ungual phalanx is figured on the same plate, and briefly 
described as being “ of the rapacious type.” This fossil I think 
should probably be rejected, as not being a portion of the same 
animal, for it shows all the characters of a claw-phalange from the 
fore limb of an Ornitliosaur, though it may b(^ observed that in 
Ladapa the claw-phalanges are as much t-ompressed from side to 
side. With these dillcrcnccs in the iuterj)retation of the remains a 
new description of their characters becomes a necessity. ^ 

I will first examine the jmhht hones and assume, as Sir It. Owen 
has done, that these' bones arc in natural association with the 
sacrum, with which tliey are still closely connected by matrix, 
th(»ugh tliey are dis}>laced and are twisted round, so that the anterior 
border is directed posteriorly. 

The pubic bone is imjH'rfect pre>ximally, and the ex]>anded portion 
which unilcd with the ischium and ilium is lost. The parts pre- 
served are the anteriorly directed, distally extended, rod-iike parts 
of the pubes, which converge towards their distal extremities, where 
they merge in a horizontal posterior extension capable of assisting 
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in the support ot‘ the weight of the body when at rest. This typo 
of pubis, which Professor Marsh has described in Alh\^auriis and 
ureiurusl has not hitherto been detected in this country, but may bo 
nrosent in the Wealden rocks in other species ; for while studying 
this specimen, Dr. Henry Woodward submitted to mo the pubis, 
imperf(*ct distally, of a type very similar to from Tilgate. 

This corroboration is the more interesting as the Sussex typo of 
animal shows the proximal end of the bone. 

The pubes are somew'hat crushed together (fig. 14, />) ; I accord- 
ingly drew the anterior aspect of one of the bones in its natural 
position, and repeated it, reversed, on the opposite side, so as to 
reproduce the form which the pubic bones show when seen from 
the front (see woodcut below), with the result that a close geueral 
resemblance was established to the pubis which Marsh has referred 
to Ccehtrus ; and without attaching too much taxonomic importance 
to this fact, it establishes the interest of the fossil, in being a 
European representative of an American type. 



Aiiteri«.tr aHjjrct of pubic boijcH <A' ylristonuchita l ostored. ^ iiat. fiizo. 
a. Unosfeificcl e.vtreinity of the ventral keel. 

The part of the })ubic bone preserved in this sficcimen extcnd.s 
distally for 3 3 centimetres. Where the bones converge distally 
they unite at an angle of about GC with the posterior extension 
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which extends like the metal of an adze from the haft. Where the 
hones are fractured proximally they are compressed from side to 
side, and extend upward with a slight sigmoid curve inward, which 
is eoHiploted distally by the convergence of the bones. At the 
proximal fracture tljo bone measures 12 millimetres in the antero- 
posterior direction, and 0 millimetres from within outward, with 
the borders rounded in front and behind, but a. linear muscular 
furrow ascends the inner ])Osteri or border of the bone. As the bone 
expands a little in antero-posterior extent as it extends xaoximally 
it curves a little forward, making the anterior border of the proximal 
end of the bone slightly concave, and the x>Gsterior border very 
slightly convex. All the middle portion of the bone ])reserves about 
the same ant(?ro-]K>stonor measurement of 8 millimetres ; but dis- 
tally llic' incasureinoni increases by an exjjansion which is chiefly 
behind the median axis of the bone, till at its line of junction with 
th(‘ ])osterior distal i-xpansion its width is 2*5 centimetres, 

^Jlie middle of the shaft is well-round(>d externally, but as the 
bone widens distall^^ this external surface begins to be Hattened till 
it merges in tln^ flat distal y)oslerior expansion, lint the middle of 
tb(! shaft, is compressed from front to back, so as to form a sharp 
internal edg(‘, and here the rneasurernent from within outward is 
13 millimetres. Tltis sharp internal ridge is G centimetres long and 
paiallel to the extcTiuil outline. In this region of the bone the 
anterior face is convex from within outward, while in length there 
is a very slight convexity. Tho posterior asj)ect is flattened. 

Distally fora length of fully 3 centimetres the hone is compressed 
from within outward. Anteriorly something of the distal termina- 
tion may be lost, but tho mass preserved extends posteriorly for 9*3 
centimetres, witli a perfectly straight flat base, which is 1*5 centi- 
metres wide in front, and narrows posteriorly to a few millimetres. 
A median groove deepening in front extends along tho anterior end 
of the base for 3*5 cc^iitimetres. Tho lateral surfaci-s of this j)osterior 
keel are slightly concave ; they converge uj)ward to a sharp keel, 
which has a gcmtly convex contour, as it tapers posteriorly to a 
blunt point ; its de}>tli near the shaft is 2 centimetres. 

Both the ])uhic hones are slightly displaced distally, where they 
unite wflth this keel, and these junctions, which are not cpiitc sym- 
metrical, have been rt'garded by Sir It. Owen as sutures. The 
point is difticult. I’lie anterior extremity of tlie bone wa;^ certainly 
cartilaginous, and the anterior extremities of the pubes are exposed, 
distinct from eac-h other, and distinct from the keel ; but this is 
hardly ocuicdusive evidtaice of sc'parate ossification, which is not 
imi>rohable. IToxiinall}* a small fragment of a thinner hone is 
seen, posterior in i>osition, whicli may have belonged to the ischium. 

The only animals with which this form of y)ubis can be compared 
have been described by Prof. IVlarsh as CoJurus, with wfliicli genus 
Prof. Marsh identifies the specimen now described*. So far as I 
can judge from the iigures given by Marsh, it is simply proved to 
be closely rclatt^d to ^ocluvusy and Cevdtosciui'usy and 

♦ American Journal of Science, vol. xxvii. p. 335 (April 1884). 
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though I may think the resemblance strongest with Ccelw'tis and 
Ai/osauras. /it may bo equally strong with Ct rafosaunis, But when 
Brof. Marsh reiors pelvic structures so similar as the pubes of 
Allosaurus and (/( ratosaarus to distinct suborders of the Dinosauria, 
i can only coiu liido, if tliese references are correctly made and 
sustained, that tiie pubis is not always a bone on which a generic 
identitication can be based, especiall}' when it is in\j>erfoct proxi- 
iiiaily. 1 should not thus have ventured to question Prof. Alarsh's 
reierenre of this j)ubis to a genus of his own creation were it not 
that there is what I regard as strong ground for btdieving that the 
sacrum associated with the pubis, no k^ss tlian the dorsal vertebra 
figured by JSir li. Owen, belong to a genus whitdi can be but 
distantly related to CaJitrus, 

{Sir It. Owen, in re])resenting the vertical section of the dorsal 
vertebra, shows that the centrum is formed of the same kind of 
tissue, and ossitied in the same waj’ as the vertebral of DinosaurJi 
in general, exccqtt that a fusiform longitudinal space is enclosed 
which gives no indication of being pneumatic, and apjjcars ti> o])en 
into li»o neural t;aTUil. Xow, in CiAttrtis^ Prol'. Marsh has defined 
a genus which, in the construction of its axial skeleton, can only bo 
compared to Ornithosaurs, having the bones invested with a thin 
film of bone-tissue of uniform thickness and distinctive peculiar 
texture. This cliaracter is as well demonstrated in Alarsh’s section 
of a dorsal vertebra as in tlio cervical region. Therefore the dorsal 
vertebrie of Aristosaclms cannot be referred to V(elurm, Aloroovor 
the mode of attachment of the ribs is dissimilar. And hence I 
submit, as the sacrum of C<^lurns is unknown, there is no reason to 
suppose that it would be at all like the sacrum of Aristosuchus^ 
which I now describe. 

There arc five vertehrao in the sacrum completely anchylosed 
together by their neural arches (fig. 13), and either anchylosed or in 
process of anchylosis by their centrums. Sir 11. Owen regards the 
two i>osterior vertebrae as sacral, and the three anterior vertebrae as 
lumbar. Here the difTerenco of inteiq)rctation must be adjusted by 
the definition of the sacrum which is adopted. If the sacral vertebrae 
are those from which strong sacral ribs are given off for supjwrt of 
the ilium, then no doubt only two such vertebrae can be counted, 
and the other three vertebrae in which the ilium is more or less 
supi>orLed on transverse processes given off from tlio Jieural arch 
may be termed sacrodumbar vertebne. This, however, involves 
theoretical considerations which cannot be demonstrated, for it is 
impossible to say how many sacral nerves united into a sacral 
X>lexus. And as all the transverse processes liave the same ti ans- 
vorse development (fig. 13, and tlie anchylosis of the vertebrae 
shows that they took part in sujiporting the body, I adhere to the 
old nomenclature, and regard all the vertebrie whicdi su[>]>orted the 
ilium as sacral. I believe the anterior vertebra* also contributed to 
supx>ort the x^^l^ic bones, though their share in the work was less 
than that of the last two. 

There is a fundamental difference in the plan of structure of the 
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Baorum and that of most other British WealdcMi reptiles ; for while 
the transverse processes or sacral ribs in lyuanodon, Hylceosaurus^ 
Meyaloaaurxi^^ &c. are given off at the junction of the centrums, the 
transverse processes arc here, as 8ir It. Owen's figure shows, given 
off from the individual vortehr;e to whicli they belong (tig. 14), as 
in the American genera doscri})e<l by Marsh, such as Moro:ifturus^ 
A^patosauras^ AtlantosanraSy /SteycsfiuraSf liroiUosauruji, &c., and as 
in Onwsauras. 

The five sacral vertehraj measure 12 con ti metros. The first two 
(fig. 14, 1 , are very slightly longer than the succeeding three. The 
bodies of tlui vertehrm are constricted from side to sidt;, so that tliough 
the fiat transversoly ovate articular face of the first vei ttd>ra measures 
2*2 eentiiiuitres wide hy 1 '8 (sentimetre dettj), the transverse mea- 
surement through th<! middle of the centrum is ojily 7 or S milli- 
metres, The form of the centrum is thus almost Ttdeosaurian in 
\t8 constriction. Tlie second centrum has a slight tendency to be 
flattened on the vcmtral side, which is less marktul iii the third, 
while th(i fourth appears to carry' a slight median ridge. The 
parallel ligamentKJUS striations seen on the anterior border of the 
first vertebra aro iicutcHsarily' absent from the suhcrcrnilato junc- 
tions of the succeeding vertebra). 

The lumral Hj)inc is vtTV tliin and is broken away in (fvery* 8i>e- 
cinieii (fig. IJ), as), so that, the greatest height from the base of the 
centrum, us ])reserve(l, is only I4*o centimelres. The third and fourth 
vertobne doAidop additional lat(?ral spines, one on eacli side of the 
median vertical neural s})ino, and these spinous processes directed 
outward and upward, tiu inod metajmjdiyses ( fig. 1 />/ ), eorresi>c)ud to 
those seen in the lumbar and caudal vert ebne of many mammals and 
the sacrum of .l/#v/u/osvr/e-//.s-. ^letapo])hYses are indicated on the 
second v<Mtehra hy long blunt ridges, and on the fifth vertebra hy' 
short- ridges which ar(‘ almost tuhereles. 

The transverse i)r(aa‘ss from the tirst sacral vert < bra (fig. 14, i) is 
given off from the sides of the neural arch, and is directed obliquely’ 
upward and backward, terminating outward iu a narrow vertically 
compressed process of a wedge shape, constricted in the middle, 
flattened behind, sharj) in front, concave below, and convex above, 
with a strong tubercle in the middle of the upper surface. 

The trails v'erse measurement hetweeii the extremities of the pro- 
cesses is 113 millimetres. 4'he antero-posterior extension of the 
process along its outer border is 12 millimetres, and the corresfiond- 
ing measurement at the middle of the constriction of its sides is 7 
millimetres. 

The transverse process of the second vertebra is iu the anterior 
half of the vertebra, has a strong base posteriorly*, and forms a ver- 
tically- elongatetl, somewhat tlalteiied, articulated surface, which is 
1*9 centimetre deep in front, where tho vertical border is concave, 
and 1*1 centimetre deep behind, .so that the upper and lower sur- 
faces converge posteriorly (fig. 14, i'). Its antero-}x>sterior extent is 
1 centimetre. The articular surface is irregular in contour, well 
defined, and does not extend to quite the same upward elevation as 
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tho first process. Its upper aspect is angular, with an oblique ridge 
exteoding outward and forward to its suj>erior angle. 

The transverse process of the third vertebra is on a level wdth the 
neural canal and has a strongbasc. It is or 13 millimetres long, 
is ill the middle of the ler.gtli of the vertebra, and forms u vertically 
comprcs^cd lamina 14,;;). It is slightly convex below and flat- 
tened above, with a sharp ridge on its anterior margin, wliich extends 
obiiejnely inward and backward, and ascends llu' side of the metu- 
pophysis, inclined obliquely backward. 

Ill ibe fourth vertebra, the transvei-se process is mmdi stronger. 
It arises from the anterior half of the eeiitnim, and like: the process 
from the preceding vertebra is jiartly on the centrum and jiartly on 
the neural arch. It is elongated in the ant ero-]>ostt‘rif>r direction, 
subrcniform on the arlicnlar facet, which is (‘xpanded, and liattoned 
and convex btdow, 17 millimetres long, about S milliimtn'S diH'p 
behind, and less in front (tig. 14, 4 ). A strong transverse ridge on 
t he hinder [lart ol' the upper surface dtdiiujs an anterior concave area, 
;iud ascends I lie middle of the luotapophysis. Th<‘ transverse mea- 
surement between tlie facets for tlie ilia, as in th(' previous vertebra, 
is about 3 i:t‘utiinctres. 

The ])rocess on tboiiflli vertebra is of about the same lengt h, its 
antero-post crior exte nt. 1 7 milliim^t res, is slightly greater, but it is less 
dee]). It is llattened on the underside, 'fin' ontlim.^ of the facet 
for tlu' ilium is subtriangular, owing to the vtTy strong develojuntait 
f-tf the ridge on its upper surfaci'. 'I'his ridg(^ extends obliipiely 
forward sons to detine an anterior concave cup-like depression, and 
a posterior oldiijut' area on which is a tubende wliich repn^sents ilio 
meta[)o})iiysis, ( )ii tliis vertebra the facets of the -[lOst z^gapopliyses 
are developed ( tig. 14, /tz). '.rin? transverse* measuremf'Tit over them 
is 1:2 iTiillirnetres ; th(‘y are divided ]»osterior]y by a detqi vertical 
turr(;w wliich aseemds the ii<‘ural spine so far as it is jireservcd. 
They huv(' the usual ovate form, and look obliquely downward ami 
outw aid. Only the margin of the posterior surfaet^ of the centrum 
is expoHcd. 

Tho outlets for the sacral nerves are through round foramina, 
situate bctwemi tlie centrum and the neural arch, at the jnimtioii of 
two vertelujc (tig. 14. /’ ), They are seen on the hit side; in the 
second vt'iti,*hia, and on tlie riglit side in tin* third and fifth. 

Idle half of i]i(‘ dorsal vertebra preserved has theeentruni 2 centi- 
metres long at tlie base and 2*2 centimetres long on the neural canal, 
and this indicates that the hack was arched. The articular ends of 
the ceiili’um arc v*'ry slightly concave, with a Jigauicntous marking 
at the external border. The middle of the centrum is constricted 
and round(*d at the base. The transverse process is thin and given 
ofi above tlie neural canal. From th<^ neural ]>latform an anterior 
ridge descends almost vertically, and another ridge desemicls ohliipiely 
behind it. The height of the platform from the base of the ccnti-ura 
is 2*3 centimetres. The height of the centrum is 1*4 centimetre. 

Only a fragment of a caudal vertebra is pre.scrved. It is similar 
in form to that figured by Sir K. Ow'cn, and similar to that attri- 
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bated by Marsh to Ocelurus^ and is similarly hollow. What is the 
evidence of its association with the other remains cannot now be 
determined. The bone has a well-marked basal canal, defined at 
its extremity by the relatively largo confluent facets for the chevron 
bones, which, subtracting from the (juadrate end of the bone, convert 
it into a transversely ovate articulation. 

I conclude that this animal is distinct from every British Dinosaur, 
but that it is nearly related to some imperfectly known types, de- 
scribed by Brof. Alarsli, like AUomurus. But what the nature of 
that relation may be must remain undetermined until more is known 
of the American Diuosauria. 

EXPLANATION OP PIODRES. 

PlATE XII. 

(The figures are of the natural size.) 

Fig. IT. Neural aspect of sacroui of ArUatosachas, showing the transverse pro- 
cesses, mefcapopliyses, and neural spinors : n.s, neural spine ; m, me- 
tapoj»hysos ; /!, /, transverse processes; pa, posUygapophysis. 

11. Lateral view of sacrum and pubes, siiowing tlu*ir a.>si>eiation ; / fora- 
men of .sacral nerve ; /;, )>ubie bones ; pc, postzygupoijhysis. 

Discussion. 

The Phksidknt said lliat valuable work was being done by Prof. 
Sooloy in recwaiuining form.s long since ([(‘scribed, and eoiii])aring 
tlujiu with t he more ree(‘nt. Aine!ri(‘.a!i dis(ioveries. 

Mr. lliTLKK had known tiie sp(.M‘inien for a long time, even before 
it was described by IT'of. Owen, lie (jnite agreed that the .specimen 
had nothing to do with Poikilopleurou, He thought tlie three ante- 
rior vertebriu were diU’eiHMit from the two posterior, and doubted if 
the first three* were sacral. TTie first transvei se procioss appeared 
to him longer than the otluTS. The (juestioii as to whether the 
remains were Crocodilian or Dinosuurian was intimately connected 
with this ideiitiHcution <»1‘ the vertobrie. There was also a <iuestioij 
as to whtdher the bones referred by i*r(d‘. Seehw to the pubis had 
tho form of sym})hysial union assigned to thorn, lie ])rel'erred sus- 
pending his judgment for the pres(‘nl. 

Prof, Suniaiy, in reply, said he thouglit if tho specinieii had been 
before tho Society theia* would not ap()ear to be much diftere^o lx*- 
tween his views and Mr. llulke's. lie showed that the last vertebra 
pr(*servod was the posterior sacral vert ebra because the i>oslzygapophy- 
ses were preserved, whilst the first three of the live had approximately 
tho same transverse measureiuent as the last two. No doubt the 
transverse processes ditler, but this is the ease in other Dinosaurs. 
It was quite possible that the pubic bones had the keel sejmrately 
ossified ; but ho thought there could be no doubt as to the osteo- 
logical identification. 
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21. On the Correlation of the Upper JuitASsic Books of the Swiss 
Jura with those of England. B}’ Thomas BoRERTs,E8q., M.A., 
r.G.8., Woodwardian Museum, Cambridge. (Bead January 
26, 1887.) 

In the summer of 1884 the author was sent out t)y the University 
of Cambridge, with a grant from tlie Worts Eund, to study the 
Jurassic rocks of the Jura. He w^as accompanied by Mr. E. AW 
Small, M.A., Christ’s College. Some of the results them obtained 
are given in the present paper. 

The Jura range of mountains is formed in great part of rocks of 
Jurassic age, which have been thrown into a scries of folds iimning 
more or less parallel to each other in a north-east and south-west 
direction. These folds are usually quite simple, and it only rarely 
occurs that the foldings have gone on to snch an extent tliat the 
beds are inverted. 

If one examines a geological map of the district, it W'ill bo seen 
that the surface of the ground is occujned princi])ally by Up]>er 
Jurassic Bocks ; indeed all the higher ground is so formed, and it is 
only in the valle 3 'S and goiges w’hich run ti'ansversely across the 
folds, or in the centre of the folds wdierc the u]>i>er portion has 
been removed by denudation, that older beds arc seen. 

In this paper it is ])ro])Osed to deal only with the l^pptn' Jurassic 
Books. In this term are included all the beds which li(^ between the 
base of the Callovian and the summit of the Burbeckiun, and as 
such it is generallj^ understood bj’ English geologists. This classi- 
fication, however, differs from that given by man}' foreign authors, 
since what is here included in the Upi)cr Junissic is equivalent to 
their Middle and Upper Jurassic. 

It is proposed to give, first of all, a general description of these 
rocks as seen in the district visited, and then to attem]>t their corre- 
lation with the Upper Jurassics of England. The Jura itself has 
been full}’ described by Hwdss geologists and others, and the follow- 
ing memoirs refer more particularly to the geology of the jKjrtion of 
the Jura with which it is proposed to deal : — 

(1 ) Greppin, J. B. Essai geologique sur le Jura suisse. 
mqpt, 1867. 

(2) (iREPPiN, J. B. Matrriaux pour la C'arte Geologique dc la 

Suisse (Jura Bernois et districts adjacents). Berne, 1870. 

(3) Jaccari), a. Materiaux ]»our la Carte Gtblogiquc de la 

Suisse (Jura A^audois et Neuchatclois). Berne, 1869. 

(4) Desor and Gresslt. Etudes Geologiques sur le Jura Neu- 
chfitelois. 

A complete list of paiiers on the geolog} of the central part of 
the Jura is given by Jaccard (op, cit, p. 331). 
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Hince tho publicatioii of Oppors work ‘Die Jura Formatioii' in 
1850- 58, but little has been done towards the correlation of the Ju- 
rassic beds of the Jura with those of Englnnd, and since that time 
many now discoveries have been made both in Enp^laiid and in the 
Jura, which tend to make the task of correlation somewhat more easy. 

The district visited is included in the cantons Berne, Xeiichatel, 
and Valid; and as the rocks in the north part of the Jura differ 
considerabl}' from their e({uivalents in the central Jura, we may 
conveniently divide the area into t-wo parts, a northern and a 
southern. ^J'he northern dist rict contains the f;rcatcr part of the 
Jura Bernois, its Bouthern houndary being a line running east and 
west tlirongb St.. Imier. 'l'b<‘ southern district includes tlie re- 
maining portion of the Jura Bernois, together with the whole of 
tho Ncuchatelnis and A^audois. 

Before eonimencing tlio descri])tion of the geology of tlie above 
districts, it is necessary to state that much valua]>le assistance was 
received from tlie following geologists, wlio accompanied us on most 
of the excursions made in their resjieetivo distri<'ts, and to whom 
the Buccoss of oiir (^x]>edition was in great measure due 

Matlu!}’, at Delemont; Brot. Koby, at Porrentruy ; Jhof. 
llollicr, at vSt. lnu(‘r ; Prof, Jaccard, at liocle and iSeucluUel : Piof. 
Golliez, at Ste, Croix. 

1 luive also to thank Prof, lleiievier of Jjausanue for a letter of 
introduction to the above-named gentlemen ; and to I’rof. Huglies 1 
am indebted for mucli lielj) and advic(‘. 


1. JblK NoRTilKKN OK BilUXOlS DlSTKK'I. 


The geology of the Jura Bernois has been fully d(‘seribcd by 
Grc]>]>in in tlu^ works already referred to (1 and i!), jmd there is a 
geological map of tin' distniJ by llu^ same anthor. He gives (‘Jura 
Bernois,’ &c. p. lilO) the following elassiticaiion of the upper series 
of the Jurassic Hocks : — 


,1 um blanc ou 
Su]:>6rie\u’ 


I. Purlioct'ioii. 
r IT- I\>rtlniidicii. 

III. Virgulioa. 

^ IV. Kinimoridgion (or Plerocerion). 

V. (or Ast^irlion). 

\ VI. Knurnfien (or Corallioii). 


J urn 


Moycn | 


T. Oxfordicn. 
IJ. C'lillovioii, 




Juni^Bnni Buthoiuen, 


As already staled, tho grouji of rooks with which it is proposed 
to deal is included in the above Jura Su]>erieur ’’ and “ Moyen.” 

The Oallovicii, ’ the low^crmost division of the upper Jiirassics, 
is subdivided into : — 


2. 1^0 for sous-oxfordieii. 

1. La zone it tiwcrocephahis. 


Tlie opinion of the Swiss geologists is not unanimous as to the 
true position of these beds. Ureppin states {op, dt,) that in the 
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nortb-ea«t part of the district these beds immediately overlie the 
Calcaire roux mblcux^ and in the south-west rej?ion the IhiUe micrec^ 
both of which are included in the Bathonian. They are overlain in 
the southern chains by the Calcaire a Sci/phicfi inferiein\ and in the 
northeni chains by the Coiiche manieuse a Cidaris hvvin^cida^ i, e. 
Oxfordian. M, Mathey considers thal the Dalle naerh' overlies the 
ZfMie a Ammoni1e>i mac roceph alas, (“ Ooupes Geologiques dos Tunnels 
du Doubs." extr. from Denksehriften d. Schweiz. Ocsellsch. f. d. ges. 
Xaturw. Band xxix. p]>. 7 and Ohotfai su])])orts tlu* same view 

(Esquisse du Callovien et de TOxfordien, ]»i>. 15>, 201. Ite would 
also exclude the Callovian from the dura siiperieur (.lornal de 
Sciencias Matliematicas. &c. no. xl., ISSol, an o})inion which is con- 
troverted by Keumjiyr (N<me8 Jalirh. f. ^lineral. (h'ol. ^ce., 1884, 
pp. 227-220). The most generally a e(*epted view, however, api)oars 
to bo that, which is adopted by Greppin. 

The /joae of A, macroe<‘phal as, both by its fauna and ])et rological 
characters, is easily recognized. It is des<*rih(Mi as a rough, r('d, 
g7cy, or blackish Iiiueslon<‘. alternating with clays ol‘ the same 
colour, and having a thickn<'ss of from 2 to b t<'(*t. 

I'he cxpcjsurcs in it are not mnnenuis, since it usually iorjus low 
groiind. A small section was seen «>n tlu^ roadside* above Mont- 
melon, sliowung the following beds :■ — 

1. ( )olil lie cofalliiai. 

li. UVrrain j’t chailles. 

2. Oxlbnlicit. 

4. (rSotliiTig pel'll ; probably <)(H'U]>ie(J by the clayey ]>or1ion ol'lbe Oallovien.) 

5. CalloTieii, a coarse oolitic ferruginous liuu'sloiic wilb t'ossils. 

The beds immediately overljdng and underlying the Oallovian 
w^ere not shown. 

A rock possessing the same lithological charactiTs as the aliove- 
mentioiied Ck^lloviaii wuis pointed ont to us by JNl.lVlathey, amongst 
the matiu-ial ohtain<*d from the (Jlovelier tunnel, wdiere these beds 
W'crc cut through. 

The following fossils were obtained by ns from these two loca- 
lities : — 


Callovian Fossils, 


Moutinciou, Glovclier 
Tunnel, 


3!oleninitc« liastatiiP, « 

Ammonites becticus, J\(hi « 

anc<*i)s, l\i'i77 # 

tumidus, Dahl 

convolutus, (^icnst i « 

Bakeriae, Sow ^ 

Gowerianus, Sow. ? « 

Turbo bijugatus, Quen^t * 

Terebratula doreoplicata, Sness * 

Bhy nchonella, sp. • 
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The fer sous-oxfordien includes the zone of Ammonites athleta^ 
A, ornatus^ and the clays with pyritous fossils. The lower part of 
the substaf];e is formed of grey or brown calcareous clays, enclosing 
numerous ferruginous oolitic grains ; its u]>j>or part consists of blue 
or black clays containing crystals of selenite and pyritized fossils. 
Its thickness is estimated at from 3 to 0 feet. 

The clays form low ground, and sc(!tions in them are rare. The 
dark clays with pyritous fossils were seen at the river-side, a 
short distance east of Soyhiere, and they also occur at Chatillon. 
Similar beds, but considerably thick<‘r, are exi>oscd in the Combe 
Chavatto, Ix^hnv Caqiierolle, and they were also seen as far south as 
Le (/ornil. north of Tr'ainelan. 

The cla3’s in the u}>f>er ])art of this substage are ^ucciselv similar, 
both in their lithological character and their fossils, to the Oxford 
Clay of England. 

I'ho following fossils were obtained from the localities given 
below. It must be remembered, however, that this does not repre- 
sent the wdiolo fauna of these clays, but onlv the fossils collected 
by us or presented to us by the geologists named in the intro- 
duction. 

Fossils from ^^lefer sotis~o:\fordien^\ 



Glovelier 

Tunnel. 

- 

Chatillon. 

___ J 

k 1 

ci 

Le Ceniil. 

BclemnitoH hasintnf?, Jilahiv i 

* 



it 

★ 

* 

Owciiii, Praft 




it 


Ainrnonites Marine, D' Orh 

« 



* 








Eugeni i, /i’a.s// 

« 



* 


hoeticuf?, Rvin 

* 

* 

it 

* 

* 

hinulu, liciu. 

* 





crcnaluB, Jirnq 

* 





Itubcami?^, D' Orb 

* 

« 

1 ^ 

! * 


— — sulci fVnis,, Ojyp 


it 

: * 

1 ♦ 

5*! 

ronvolntus, Quni.^f 






Nuonla clliplicu. Phi/ 

* 



* ! 


Ledn Diana, I)' Orb 



it 



lai*lu*vni«i Qitriinf 




« 


Ideurotoinaria Muiisteri, Itoin 

♦ 

! 




Turbo Meriani. (ioh/f, 

* 

i 




Aluriii bispiuosn. Phi/ 


* I 


1 


Curnllaea coucinua, Morr, A Jq/r 

♦ 


it 1 



Peutacrinus jKJulagouaUs, Gold/. 

Ik 

j 

♦ 



Terobratiila im])re6sa, v. Jh<ch 

* 

j 

* 

I 


llhynehonella Thurmaimi, Voltz 

j 

« 

i 

* 

L „ 

i 



The OAfordian rocks always oecuj»y low fertile ground, and present 
quite a contrast to the features produced by the overly -j- beds, 
which usually stand out in bold relief, forming ridges su^ 
a meagre vegetation. The hollows or valleys in which thi ^r- 
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dian beds lie are known as ‘ Combes Oxfordiennes.’ The rocks 
of this staple are divisible into : — 

2. Le Terrain a chailles mamo-calcairc. 

1 . Lo Calcaire a Scyphies iufdricur *. 

In the northern part of the Jura, the lower part of the Oxfordian 
is seen overlying; the Manies u fossiL s' pifrUcn.v as a grey or black 
clay, fairly fossiliforous. The typical locality for this suhstago is 
Hobel, south of Basle, and (jrret>pin gives a list of fossils from this 
place ((>y>. cit. p. 03). 

The Terrain a marno-calrai re is composed of yellowish- 

grey clays, alternating with limestones of the same colour, and con- 
taining splierites or chailles. 

In the gorge at Tliiergartoii, near Deh'Mtiont, the u])per Jnrassics 
are cut thrcmgli, and here, underlying the ‘ 'i\‘rr;iin a cliailles silic«'iix,’ 
about 1 1(.) leet of O.v/'ordian are exposed, consisting of alternations 
of bluish clays and limestones. 

They arc also seen in the quarry south-east of Lie.slK‘rg (see sod ion 
fig. 1, p. 234) as yellowish limestojio separated by sandy clays of 
the same colour, passing up into bluisli ela 3 's with thin limestones. 
Similar beds also crop out beloAV the ‘ Te-rraiii a chailles siliceux,’ 
south of 3t. Ui\saTine station. 

In the ‘Combo Chavattc, Mho Oxfordian is from lUOto 130 feet 
thick, and consists of bluish marly clavs with iiii.(‘rmediato beds of 
limestone ; some of the latter are fairl>' thick and regular, whilst 
others are nodular. These beds are seen h iiig between the (day with 
pyritous fossils and the ‘ Terrain a chailles siliceiix,’ and these 
yielded the following fossils ; — 

Tholacloiuya exaltala, Atf. | Plouromya varians, Aff. 

■ paucicosta, Ay, Rhyuelioudhi Tliuriiiaimi, VoUz, 

Further south, at Paturale and Le (Jernil (north of Tramelan), 
above the Clays with pe rilous fossils, come gre^* marly beds con- 
taining nodules of impure limestones, from which the following 
fossils were obtained : — 

Ammonites cordatus, 

comolutub, Qiic 

sulci leriis, Oj>p. 

heetieus, Eeis. 

perarmatuB, Sow, 

Pleurotomarin Munstcri, Rom. 

AsUirlt* robusUi, Lye. 

Modiola bipartita, Sow. 

The Coral/ ian has been divided bj" Thurmann into three sub- 
stages, and this classification is adopted by Grei>pin ; — 

3. Lo Calcaire a Nerinees. 

2. Oolithe Corallienne. 

1. Terrain a chailles siliceux 1*. 

Greppin, in his * Elssai * &c., includes this subatage in the ‘ Oallovien.’ 

t Greppin, in 18(57, included this in the ‘ Oxfordien.’ 

Q. J. G. S. No. 170. 


Trigonia porlata, Ay. 

Lima stil-uintiquata, Rom. 

(luplifulu, Sow, 

Plioladomya o?(altatu, Ay, 

concinna. Ay. 

Terebratula iusignis, Srhiih 
bis ufih rein ata, Sc hi. 
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The Terrain a chailUn ailiceuoe is somewhat variable in ch^acter, 
but is usually composed of hard, compact limestones, often siliceous 
and separated by clayi^y beds; its upper part is often oolitic. Dis- 
seminated through the series are numerous nodules, which are 
usually siliceous, and the fossils are sometimes silicified. 

The following sections, amongst others, were observed in the 
rocks of this suhstage. At Thicrgarten, ncfir the south end of the 
gorge, the ‘Terrain i\ thailles siliceux ' is seen to consist of coarse 
bluish limestone with clayey ])urting8 ; some of the limestone hands 
are nodular, and the M’hole thickness of the series is about US feet. 

Fig. 1 . — flection in Qnarrj/ nmr Hoadsule^ aouth-e-nst of Lieduty, 

ti 't % 



A lu'tter section is shown in the <]uarrv sout)»-e,jsi of Lies- 
berg (tig. 1). Overlying the Oxfordian are soiiu' thin IxmIs of 
yellowish liinestono, suci-eeded by greyish linu'stoiu' se])arated by 
bands of daik ( hiys, t lie whole being a l)out !(»'> feel thick. These 
beds are 'worked for hydraulic lime and ar<* very fossilifenms. 

Similar beds \\(‘re seen above ^lontmelon, and iigain on the east 
and M'cst side of St, rrsaiine statitui. 

At the ‘Ckujihe Ohavatie,’ further to the west, those beds are 
more siliceous aud contain silicified fossils. 

At Ihclioux and again at (iohal the ‘Terrain a ehailles siliceux ’ 
is said to ho wanting unless represi'nted by sonu^ linK'stones three 
metres thick, which form the u]>periuost part of the Oxfordian 
(Gre])pin, oy, cil. p. (hi). 

The following fossils wore obtained from rocks of this substage; — 


heUMtmiti's iia^tatas. Jilaiur 

Aaunoiiitos conlatus, Smv 

convolutus, Quotai 

hecticus. Heiu. 

IMourotojuuritt MiaiMeri, liioti. ... 

Phasianell.'i striata, Srxe 

Cbemiiit:zi.'i heddingtoaensis, 

Katica clymenitt, ePOrb 

Pholadunjvu pauciooata, Ay 


Locality, 


^ Liesbvrg, 
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Pholaclomya concinna, Ag 

Ia3viuycula, Ag 

Lima ]»c(*tiniibriuis, Schl 

PlicMtula *;emisiritiala, Kf 

imbricata, Snw 

Canlium iiito.xtum, ISrtdnat 

Pfoteii j^lol>osus, 

ii^U'qiiu'ostat uii, l^hil 

iiri iculatiis, Sx hl 

RliyiK'ln)iH-Ua Tluinuamii, Voli 

bumiioda, Schl 

Torebnitula iivsi^ni.s. Scf/k^t 

do U‘u unit ana. (^pj> 

Waldhoimia buooulonta, Surr. .. 

C’idaris lluritremma. 1'fn/ 

ILMnic'idaris croiuilaris, Ag 

I'soiulodiatloina amvii'iisi', LV. .. 

GIy]*lu*us ./ /. .. 

CnllyriU'S i'in^»'n“i. ^li/ 

bieorduta, Iks 

Millori<“riiius (‘cbinat ws, (Jur/isl. 

TluuiofmuUa annulari?*, F/c /i 'riiiur^'artfn . 

iBastroa explanala, dohlf, Liodicrfr, 

Oollfhi CoraUuninv antf Ctffcatre a A^^rhids . — Passini; tij> I’rom 
tli(! bluish liiut*ston<\s and day s of the ' Terrain a c.haillos Kiii<,aMJX,' wo 
CDino to a or white oolitic liinestojio, which nsiially ramtaiu.s 

numerous tVaj^tnent s of sludls tirid corals: the wiudt' is troni l<i to 
33 feet thick. 7'his (ainstitutcs the OoHlh, ( 'orirffinttit . ( )v'er- 

lyini^ it is the* (\tl<'<iirc a !\'rri tu'u ;i rock sonu^whaf variable in cha- 
raclto’, hut always coiu])osed <.)i liineslones, which may ix; coiujiacit 
in texture, wliilst at other tinu's tlmy nre clialky, I utiact^oiis, and 
(juitf' soft ; its thicknes.s v.aries iVum <'»0 to 27' > toot. 

Lliesi' Coralliau rocks are luoro easily denuded lliun Umoverlviiif^ 
Astartian ; (‘onsequontly, in th<? c.scarjnnents, wliere Ixifh are seen, 
tlie Corallian beds an^ always wiatln-red out ijito hollows and 
caverns, whilst the overly injJ: strata jirojeet as overhanj^-inp; leflfj^es ; 
in this way, the beds are easily reco^rnized. 

A good section of the (•oralliaii, Astartian. and i'teroeerian is 
scKui on tho roadside at Vorhourg, near Deleinont. Aided hy 
‘Mathcy, we W(*re abh“ to work out almost every bed in tho 
above stages. The sei‘ti<iij. in the Corallian hero is as iollows, tho 


beds being given in de.scending order : — 

i\. 

H. Corn j):u’i . fiiio-grained liiru-si one -2 

7. C’oinp'ua., t )i i(;k-bt.'dd«.'d lirnustoncs, wit li ^rrhicea , hS 
(i. Tbin-tH'(i(Ud, coarse, Mubcrystallinc, and jtisolitic 

* 4 

b. C%mipiwt limcsUuie 15 

4. 'L’hick-bcddcd, >vlntc limestone, with corals, Di~ 

ccroK icc. 18 

3. Irregidarly tiedded wliitisili limestone 14 

2. Thick limestones, sometimes oolitic 17 

I. Greyish oolitic Umestono 32 


B 2 


Localifif. 

I 

1- Liesbt*rg. 

I SI. Lrsauuc Tunnel. 

I 

1 

1 

! 

y Liesberg. 

i 



236 


MK. T. BOBEB.TS OK THK XTT’PBH JTTBASBIC ROCKS 


Tho * Terrains a chailles siliceux/ which should come below, are 
not now exposed. 

This section is also described by Grepjnn (o/>. clt. ]). 87), but we 
could not make our measurements quite agree with those published, 
especially in the upper part of the series. 

At tho roadside east of So 3 'hit‘rc a (juarry is opened in the upper- 
most division of the Coralliau ; the rock is a whitish limestone, part 
of which is hard, but the greater portion is quite soft and tuffaceous, 
and the wliole rock is largely made up of corals. 

^rhese bods are also seen at Thiergarten, Courrcuullin, and again 
near Kochc, and also at Montmclon. Just behind tlie station, at 
Bt. Ursanno, is a, ihick sf'ries of white limestone ; its lower part is 
somewhat oolirie, hut higher up it is (jiiite tuflacer)us and contains 
numerous Gasteropods. A little further to Ihc east, at the west end 
of the liridgo which spans the vallo}', and a])parentl\’ sonunvhat 
lower in tlu.* scries, a similar tuffaceous limestone occurs crowded 
with i)iccra.s. Then, again, in the railwaj’-cutting on the eastern 
side of tlio valley, still lower beds arc seen overhung the ^ Terrain a 
chailles siliceux ’ as a w'oll-la^dded, coarse, oolilic linic'^tone. We hnve 
therefore here nearly a complete section in the C^»rallian between 
the ‘ Terrain a chailles siliceux ' and the. Astartinn, and in it flic fol- 
lowing beds are rocognij'iod, in desci’iiding order:-- 

4. TulVaci'ous liuicstones crtnvded with Ga^leropocls. 

Oolitic* Uini'sluncs. 

2. TuflneeouH liiacstouc with JJifvn/s. 

1. Oolitic liiiiotilonc. 

.Further W(*st, at Gafpierelle. these (’oialiian beds ni'i-ur ms a white 
oolitic limestone, which has x iehled a large number of c<»rah. 

The fossils obtained from llie Oo//7//< ( 'orfilVn uu* and i'nit'alte 
a N(*rin('<s' are givi'ii in the iiceompan\ ing list. 

froiK iJte ''OolilJn (omtHintu ' atnl <(li<tnt <) JW ruin s' 


Purpura T/iipicrrea, Ihir — 
Ceritlnuiii corallfiiso. Ituv. 

buccinocleuui, Bvr. .. 

cf. umricatuni, Sov. 

TS’eriuea spcciosa, .. 

uoclosa, 

— elcguns, Thimn 

Pefnuicoi, 

bruutrulaiia, I'kumi. 

ursiciua, Tkunn 

Ka?ineri, 

Neritn Cflunlifern. Jinr. ... 
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from the * OoliUie Ooralliemie * and ‘ Oiilc^iire a ^erinees ' 

(continued). 



Kerita sigaretina. L\n' 

Turbo tegulatus, 

XrodiuH angulatuplimtus, Mitnsf 

I'iltjopsis, sp 

Patella, rip 

Carcliuiu conilliuiu, Lc^m 

P)ieeraa arietinum, Lam 

liit hodomuB socialis, 'Vhurm 

Terebratula inaigairi, i^chiihl 

inoravica, trlnck 

liaiiliini, AV 

P\ gaster tenuirt, Aif 

{Styliuij tubulifiTa, VhU 

- trirodi, AV. 

Thec'osmilia crasea, d' Orb 

laxala, hit 

didiolouia, Kofa/ 

Khubdoplu llia ilab.dium, Kt 

Jsaritrea tvvplanuLa, Ciobl/. 

Tljuruiatirii, KL 

Thaiuiiareii arborericnas, Et 

d'haiiinuritroa <*oa(nnria, Gold/. 

Ooavfxust i‘ca, sp 

CVyptoctenia limbata, Gold/. 

decipiiMiri, A.Y 

i<n o Ilia ooiMllina, Koh/f 

,S(ylo.riimlia Miclu-lini, Kd,w, 

Calatiiopliyilia flabclluiu, JJlatiiv 

J>emlroiu;Jium et>aloseenfi, (.Toldj 

I Kpi.smilia inuUiricj>ta, K^ht/ 

tU'loinoutiina, Kobi/ 

magiia, Kobtj 




* 

♦ 

* 


* 


{ 






I 



* 


* 




1 


i 



The Setjaaninyi or Astarfian con.sistfl of tx g:royi 8 h, compact, and 
often otditic limestone, with some marly beds. A very constant 
fossiliferons marly /.(me occurs about the middle of the seric'B. 

The section at Vorbourg, where the whole of the Astartiaii is 


seen, is as follows, commencing at the summit ; — 

10. Thhdy bedded limestones 

15. Thick grey limeHloneB 

14. Liniestoueri flimilar to 16 

13. Thick limestone 

13 a, Ditto 

12. Thin limestones 

11. Irregularly bedded limestones 

10. Irregular limestones. 

9. Thick, whitish, oolitic limestones 


ft. in. 
1 0 
14 0 

1 6 

3 0 

4 0 
8 0 

13 0 
30 0 
34 0 
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ft. n. 

8 . Brecciated limestones 4 0 

7 . Thick limestones, slightly ofdilic 14 0 

f>. Beddirth, t»olit if lijueBUmcs J2 t) 

5. , oo!it ic limestone l‘d O 

4. Well-lH-ddetl, reddish limest one, \ory compael . .. If) * () 

3. firey limeshmcs 22 () 

2. Thill-bedded linn'st.oiies, inurl\ at. hase and 

croiv^led with fossils oO I) 

!, Ooliti<* liineHlones 28 () 


(Uelow^ this the seel ion was not well expo.sed.) 

At. Ario-olat, nbodt tli rot' quarters ofa mile lA ost of Soyhicre, there 
is a g:ood section in tin, marls and also in Uk* beds inimediatelj’ over- 
lying n.n<l umh'rlyinj^ them. The'y art? also exposed at Montchai- 
hout, Tltierg^iirten, and Bassecmirt ; and Aslartiati limestones are also 
seen a])ov<? the (iorallian at Si, T'rsanne. 

Thi' Astartian is largt'ly quarrii'd at. Lanfon, where th(' lime- 
stones arcr fni’ ilie m(»st }>art oolitic ; fossils are not abundant in 
thes(‘ beds. 

Th<* fossils in tbo at-compaiiying list were pnnci{)ally ctbtaincd 
from tlie. marls. 

rfittti h o.vs* / /.s* . 




Ih'U'Miniles iiHl MCI inuB. V'.f ' >{■ 

Nat ica 1 nrhinilocaiiB, I'idh j -> 

— heiiiispluiM’ica, A’./// ..j ... 

1 ‘hasiant’l In slri:ita, ! sK 

Nerinjva t5o>u', iUuu i ... 

I’lioladomya eomplanata. liotn j 

paacicosta, . A/ j * 

(.\vprina tenuirost cis, Ilf \ * 

Cardiuin i\»iitaouni. /'If 1 >J( 

Trigonia su]>rajureii>ii.B, ,!</ ! ... 

IVjyt.ilus haiga'vus, /If ) n 

Ta’tua astartina, V/v * 

IVcion lens, .So/e, ; * 

("tstrea setpiana, 77/ j » 

iOxogyra nana, i j(e 

Terebratida humcraliH, /u>'U ' * 

Bauhini. tlf ' * 

suprajurensiB, '/'hurru ' ... 

auinivica, (r/o' /: | * 

Rhyiu'honelln inconstant. Sun : ... 

helvetiea, //’ OrA 4c 

Oidaris rtorigonnna, I'hi/ ' * 

Heiuidiudema straaioHiuni. -A/. »C‘our-! 

rendlin,) i 

Pseiuhnliadetna nogleetnni, Jhunn. ’ * 

i*odin{\ smbhv'vis, .4//. (Kcbeiivolier, , 
Apiocriiuis Meriani, 2Jt's | ... 
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Pteroeerian or Kitmrid^ian , — ^The classical locality for this 
stage is Banne, near Porrentruy, where it lias been known and 
worked for many years. Its lithological cliaracter is very constant 
in the district, being composed of well-bedded limestones usually 
very fine in texture and light coloured ; tlu're are also some thin 
beds of marl present, and these are usujilly very fossiliferous. The 
limestones are much quarried for building-purposes. 

The quarries at Dehmiont are opened in rocks belonging to ibis 
stage, and here the following section was observed : — 

ComjMict grey limcstoiios 

Fohsilifer<.)us marly IhkI.. 

)nes 

Cornpaff limestone 

Most of the fossils obtaint'd in this locality (‘.ome from the marls, 
because, as a general rxile, the compact liinesloiies are not fossili- 
ferous, and when they are so, it is almost inqtossilde to get the 
fossils out in a determinable condition. 

The section at Vorboiirg, in the Pteroeerian, shows compact 
limestones of much the same character as the Ixals in the (piarries 
below, and described in the above seetion. 

At (^lovt'lier similar bods were also socai and in a small expo- 
sur(‘ al tlie roadside, a little to tlie west of the village*, the Kurface 
of one of the limostoin? b(‘(ls is exjmsed, which is crowded with 
PterocenfK, &.C, 

liimestonos like those of Delemonl wore^ se'oii at (Jourrendlin and 
also at Vermes ; but in the last-naiinsi locality tla* beds W(‘re some- 
what nodular. 

In the Taaghhourhood of Porrentruy these beds have, heem, as 
already stated, largely worked. 'J’hcy ar<^ alse) epuirried a little to 
tin* north of N'iilars, whereabout lio brot of tin* limestojies an* sljown, 
tlie u]»]M'rinost part htang fossiliferons. 

'j'h<‘ fossil itcrous Pteroeerian marls are also exposed at the road- 
side ludween JAmtenois and Bressancourt, and again at Courgenay. 
In both these localities the roek is crowded with fossils. 

Subjoined is a list of the fossils, which c(nne chiefly from the 
marls ; — 

Pteroceria n Fossils. 


I ;u tVet,. 


XfiutiluM Marcijuamw, D'ffrb. 

Natica gigae, Ur 

hcmi.‘i[)htti''ioa, //Or// 

Ptcroccms oreani, Dvluh, 
Ro^tellaria Wagneri, I'hurm. 
Pholaciomya rnyacitia. Arf. ... 

— — Protei, Ag 

mullioosta, Ag 
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Pterocerian Fossils (continued). 



c 

'cT 

P 

Fontenois. 

Courgeiiay. 

Glovelier. 

! Pholadomva rocurva, Ag 

... 


♦ 



% 




Thnicia iucert.a, 'I'lmrm 



* 


l'en)mva (‘xeiait.riea, yig 

4: 



* 

* 

Ijuejiia snhst ria-ta, liimi. 

He 


★ 


! (/iirdiurn haTineHinTiuiii, Tlmrrn 



♦ 

* 

' axia()-<)l»]iqijum, 'I'hurtu. {rf. dia- 





i nimile) 



* 


Trigtniia imjrie>it>i. Eo}n 





Mytilu.M jureijsirt, JS'Icr 





! auhjn'ct inatus, U Orh 





j Modiola f«uta‘( 4 ui])licata. GohJf. 

* 


* 


1 TrirhilOH, sj* 



* 


1 (iervilha tetragoiui, Horn 


... 

# 


jAvieala (h^sHiieri, 'I'hiirm 

i 


* 


Linm s]iertjd)ilis, ('ontj 

1 * 




iliiiiiites ij;a'(iui!^tria1uH, D' Orh 


Ht 

* 

* ! 

ttstrf'o si'tiiisctl il aria, I'J 

* 1 

; ♦ 

♦ 

* i 

''J’erelnatl Ilia suhn lln. O' Orh 

— — — llllTlM'rail.M limit 

* ! 

* 

! 


* i 

j Kli} iieliniiella iriemi.staria, tSoV' 


# 


1 1 

; aiMt ;ms, 1'/ 

* 




1 ( 'idai'is (t rigi'iiuiia, I‘h/l 

* 




1 ITemieitlaris '| imrmatini. A(f 

* 

* 

... 

* 

j Aerosa liMiia. aspi'ra. At/ 

* 




1 JluleetvoiiH Meriimi. lUrh 

* \ 

i 




— The rocks of lliis stage occur only in the western and 
southern portions of the district, its oaslem boundary being a sinuous 
lino riitining from Solciire to Scjmds (Jura. lU'rnois). (irefij)!!! {ojt, 
C'ii, p. lio) ]>oin1s out tied the northern part of the .liira was under- 
going upheaval during J'teroeerian times, and that land existed in 
the horth-oaslern ])ortion of the district under consideration at the 
time when the N'irguliiiu beds were being de})Osited ; in this way he 
acco\ints for the absence of rocks of this stage in the north-east Jura. 

The \irgulian was at one time well exposed in the neighbour- 
hood of Torrent I'uy : at ]>reseiit, however, the quarries are filled up 
and no section is visible. A section in these beds at Tichoux is 
described as follows (Cire])pin, op. cit. p, 1K>): — 


Whitish limestones O.o 

Yellowish or grey clays and shelly limestoiios with 

Eivofft/ra virqida ’ 19^4 

Tliiok beds of hard compact limestone 


Fragments of Tirgulian were seen on the surface at Waldeck, 
near Porrentruy ; they consisted of a reddish-brown limestone with 
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Kvogyra virgula. Further south, at Tramelan, a small exposure 
was observed in these beds, which consisted of yellowish marls and 
impure limestones largely made up of the shells of fC.voggra virgula. 
The Porilandian beds, which are so well deveh>]>ed in our 
southern district, are almost wanting in the northern part of the 
Jura. The only locality wliere they were st^en in the hitter district 
is north of the railway-station at Cloutier. The same remarks apply 
equally well to the Purhcclian, as apparently they have not boon 
found further north tlnin Moutier; and ther(‘, overlying the Vort>“ 
landian, is a dark-eoloured limestone, about one foot thick, containing 
numerous freshwater fossils, lu the absence of fossils it is hard to 
define the limit between the Turbeekian and rortlaiidiaii in this 
section (see tig. 2). 

Fig. 2 . — Section in Jluilivag-cutting north of Moviier Station. 



fi, l*ortlsin<h'an ; h, Purbcckian. 

Tlic bed jjmrkcd X contains freshwater fossils (Purbcdcian). 

Thi^ following fossils won^ obtained from the black limestone 
ridorred to above ; — 

('hara Jaccardi, Hnr. IMunorbis Clioffal i, Mailt, 

(ypriN raid* nsis, (?). Oorbula h'orbesi. Dr Jjor. 

Ibt li\ nia, sp, Hydrobia Cln>i>arti, Sandh. 


2. 'FllK SoUTUKKN DiSTUICT. 

>\-arly the whole of this district is described in Prof. Jaccard’s 
Memoir on the (Jan tons Xeuchatel and Vaud, and tho following 
classiticaiion is taken Irom Ids • eou[)o theorique,’ ]d. 1, at the end 
of the work referred to : — 

r 4. Purijeckicn. 

Gronpe Jiiraspiqiio .Supt'rieur, j Tk I’ortliindion or Ncriin'sni. 

or Kimin^ridicn I U. PltTOccricn. 

tl. Astarfien. 
r 4. Coral lien. 

} Oxfordie„ C-.caire. 

FI. Callovion. 
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The Callcyvian presents but a feeble development in this district, 
as compared with that of the northern area. The fer sotis-oarfor- 
dien, which is so constant in the latter, is scarcely, if at all, repre- 
sented in the southern district. Its total thickness does not exceed 
10 foet, and it is usually considerably less. It is, however, pos- 
sible to distinguish two zones in it ; — 

2. An upper o><^, composed of grey clay, poor in fossils, and some- 
times containing pyrites. 

1. A lower limestone, which is ferruginous and rich in fossils. 

In the ‘ (Jombo drede,’ near 8t. Imier, a somewhat p('culiar 
devclo])ment of the (-allovian is seen : it consists of a bed of 
greyisli chert. « inches thick. The underlying Dalle tuicree, how- 
ever, is very well developed here, and may, in part, represent the 
t/’allovian of other areas. 

A belt<‘T exposure of it is shown in the eastern side of the (juarry 
at Touillerel, near Chaux-de-Fonds, where th(^ following section was 
observed 

1. OxUtrdicii. 

2. ( JalJovioti, lO \'{. { ft. Blue sJindy clays with fo.-sils. 

thick \ 'J'ljiii band of rcrniginous marl. 

.‘k Dalle aacrec. 

A Ihickc!!' develojnnent of t he ferruginous marl occurs in a quarry 
a little further north, and consists of a. ])rown limestone tind marls 
with ferruginous oolitic grains. The following fossils were obtained 
from this bed : - 

llclomiiitt's liastatuH, Jilaiur. Linia ri^ida, Snvt. ? 

Anntionil.cs hect icus, /Idfi. 11 iiinites abject us, Mor. 4’ Lt/c. 

— couvcduhis. 'J\'r(‘br!itiilu din-soplicatu, 

- — atblcta, /V///, I CN»llv)*ilcs elhpl icuH, vby. 

Niuada oruala, j I l<>lc<’ty]i)us, wp. 

The (Jalloviaii was also seen below the ‘ Sjnmgition ’ on the 
roadside opposite lireiiets, as a clayey b(‘d with IJi Irtnuifes hastatu^^ 
Ammonihs £;o>teo/a/f/.s‘, and -1. lu cticas. 

The Oivfonlien Calcalre is divided by Jaccard into ; — 

w, Tludadomicn. 

1. Sponjjiticii. 

The ^ Spongitien' is composed of alternations of limestones and 
clays, having a total thickness of about 15 metres (4J)’feet). In 
some localities these beds contain numerous sponges ; in others, again, 
sucrh fossils are either absent altogether or very rare. 

In the * Combe Urede ' this lower division of the Oxfordian consists 
of grey compact limestones with some marly beds in its U])per part. 
Further west, near the railway-station at Coiivers, the SSpongitien' 
is worked for cement ; the beds exposed in the quarries are thin- 
bedded, grey, argillaceous limestone with partings of clay. 

Overlying the Callovian, in the quarry at Pouillerel, referred to 
above, about 10 feet of Oxfordian are exposed, of much the same 
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character as in the localities named above. The beds contain 
numerous crinoid stems and some sponges. 

On the roadside opposite Brenets the whole of the ‘ Spongitien * 
is seen as in the following section : — 


Pholadomien 

. . f Weli-boddecl thick liinesttme, 15 ft 1 

hpongitien ... | Li^jestoiio with shaly particles, 14 ft / 

CaUovien 

Dalle naerce 


ft. 

'60 

5 

10 seen. 


The ‘ Pholadomien ’ is somewhat variable in this district. In the 
‘ Combe Grede ’ these bed.s are vc?rv thick and are made up of : — 

3. A series of thiii-bedded limestones, sometimes nodular, with 
partings of shale. 

2. Thitdi series of bluish shaltss, poor in fossils. 

1. 1'hin limestones and shal<*s similar to (3). 


In the section opposite Brenets, mentioned above, the Phola- 
doinian is 30 feet thick, and consists of thin limestones with 
partings of clay of about, ccjual thickiK'ss. 

'J'he upper ])eds of this substage have been worked for cement at 
Les IVaisos, West of Sto. (Voix, and here they consist, of nodular, 
grey, argillaceous limestones, 'fhe lowx'r part is more marly, 
Similar b<‘(ls were also seen at Les Aiiges. 

The following fossils were olduined from the Oxfordian in the 


southern {listrict : — 

Aininniiiics convolutus, Qtansf. ... 

hfctifMiH, Jiciu 

Dolcnniitcis hjistiitus, lihtuir 

I'leumniyM variniis, At/ 

- - - Voltzii, A*/ 

Pii<)la(lniii> a seutata, Atj 

eiiiguluta, Atj 

— — - <*\alt.a(a, ./// 

Anatina undulalu, PiiiU 

JVJtuliola bi]>artifa. Suit' 

GoiiioTnya pr«»bo»ridea, Atf 

AsJnrtfi rc>bust:i, Et . 

Nucula ornata, 

Teri'brat iila orbis, Qm nsf. 

— bisuilaroinata, Schl 

Collyrites, sj> 


LftettEfirs. 

La VraccMiias »St. Sul]»ico, Les 
Augt‘s, u>)(l Combo Ch'udo. 
Cotiibo iJrodo. 

(?ouiIh 5 Donayri^^z. 

DiUu. 

DiUo. 

North of »Stc. Croix. 

(Vajibo J>oijayrie/.. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Le.*^ Aiig(*a. 
l>itto. 

Coiubt’ Denajriiz. 

Ditto. 

Ditto. 


The (hjrallufo. is much loss developed in the sotithern district than 
in the northern, and, indeed, ajipears to be represented by a series 
of beds which correspond only t<j the Ter eat a. d ChaUles siliceux of 
the nortliorn district. 

The stage is described ( Jaccard, op. p. 20 J ) as consisting of : — 

3. A dark blue clay, which underlies the Astartian. 

2. Keddish-brown limestone, poor in fossils, passing down into a 
scries of thin-^bedded limestones, which are very fossiliferous. 

1. Barren clays. 
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They do not, however, present the same lithological character 
throughout the district. 

In the * Combe Grede * the lower beds of the Corallian are repre- 
sented by limestones containing Mliynchonella inconstans^ Terehra- 
tula insir/nis, Cidans, <Jtc., and above these come some greyish compact 
limestones, containing species of Cidaris and Uermddairis^ 

In the ddiris thrown out from the Loges tunnel, in which the 
CoraJlian beds are pierced, the rock pointed out to us as belonging 
to this horizon is composed of brown and some grey argillaceous 
limestones, rich in fossils ; tho following is a list of the principal 
ones obtained by us : — ^ 


Turbo Meriani, Goldf. 

Lima rigida, Sow. 

Eenevieri, Ef. {cf. grandis, 

Bom.). 

Pecten lens, Sow. 

Ostrea solitaria, Sow. 


Terebratula Pauhini, E6. 
EihynehoneUa pinguis, Op. 
Cidaris horigemma, Phil. 
Stomechinus perlatus, Ag. 
Glypticus bieroglyphicus, Ag. 


The Astartian is divided into two substages — an uppe?', cal- 
careous, and a lower argillaceous one. The general character of the 
former is thick-bedded homogeneous iimestorio, although at times 
it is oolitic. The oolitic i>ortion of these beds is usually fossili- 
ferous, but the lino-grained limestones rarely contain fossils. The 
lower or argillaceous division of the Astartian near Lode is 50 
metres (104 feet) thick, and consists of clays ajid limestones varying 
in cliaracter and thickness ; ilio limestone is sometimes oolitic and 
marly, whilst the clays are at times qiiite arenaf'cous. In the 
ui)per part of this subsiage there is a fossiliferous zone with 2d'e- 
hratola humeralis ; and lower down there is anotlier marly bed con- 
taining this same fossil in abundance. Loth of these fossilifeious 
marly hods ar<} st cn near tlie summit of HI omit Chasseral, and again 
furtlior north, on the other side of the St. Inner valley. 

On tho roadside ojqiosite iJrenels the I'ol lowing section in the 


lowtT beds of tho Aslailian was (►hsorvod : — 

fi. 

T). Wcll-bfddi*d groyisli liiiiostoiu's 12 

4. Marls, wilh Hoiue Uiiii beds of liniosLoue continuing JMclanUi 

nfrinta H) 

3. Greyish limestone 20 

'2. Alterimtions of liiucsione and marls H 

1. Gnyish limestones r> swn. 


The marls with TervftratoJa hnuu valh also occur in the railway- 
cutting near Noiraigue. 

In the neighbourhood of Ste. Croix the Astartian is composed of a 
compact reddish limestone, which is well seen on the roadside to 
the nojlh-west of that town. 

The following fossils come from the marly beds near the summit 
of the Chasseral : — 

Cbemnitzia heddiugtonensis, Sow. j Terebratula snpniiurensis, Ag. 

Trigonia subcoucentrica, AY. ' Oidaria florigeinma, Vhil. 

Terebmtula humeralis, Rom. Heiuicidari»j ap. 
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The Pterocerian is, perhaps, the most important stage in the 
whole lTpp©r Jurassic series, since it forms by far the greater por- 
tion of the high ground in this part of the Jura. Its thickness has 
been estimated at 150 metres (492 feet), and it would appear as if 
it was thickest in the southern part of the Jura, and thins out to 
the north. On the whole, it presents much the same lithological 
character in the district under consideration, but most of the beds 
are poor in fgssils. It has been divided into an upper and lower 
substage. 

The Lower Pterocerian consists of a thick series of coarse greyish 
limestones with some marls, the whole being usually poor in fossils. 
The following zones have been made out in the Upper Pterocerian 
(Jaccard, op. cit. p. 189) : — 

3. Very compact lithographic limestones with Bryozoa. 

2. White saccharoid or crystalline liraealonc with Bryozoa, Xcrhnra and 

J)ic(ras (small). 

1. Greyish marls, rich in fossils. 

In the ‘ Comhc Gredo ’ the ibllowing section was ohs(Tved below 
the Yirgulian ; — 

3. A thick scries of greyish limestones. 

2. Greyish, soiTK'W'hat brccciated limestones, with TcrchrafulK tivbsclla, Oi^irea 

fiolifarid, Xcrimra hruvfrufana. &,c. 

1. Limestones wit 1» Xerhuea. 

Similar massive limestones wore seen near I^a Baume, Locle. 
North of the road-tunnel, near Noirvaiix-dessous, on the way to 
Ste. (hoix, a fossiliferous marly hand in the Pterocerian is exytosod, 
and overlying it come soinc; woll-hedded, grey, very fH)m)>act liino- 
stones. Further south, near Jougiie, the Pterocerian is quarried, 
and the section shows about 21 feet of grey, very e()m})act limestones, 
with some brownish marl}" bt^ls. Kocks of this age are also worked 
near Soleurc, and the fossils obtained from the quarries at vSt. 
Nicholas (norih of 8oleure) include remains of Turtles and other 
Rejitiles and of fish. 

The following section was seen in one of the three quarries at 
St. Nicholas : — 

ft. 

4. Hard and Homcwlia< jmrous limestone .5 

3. Greenish marls, with Vtcrocei'cia, Xirivaa, 'rerchrafvla. &n'.. 4 

2. Hard, gny, corn]iact limestone, separated hy a thin marly bed from (1)7 

1. Thick ^cl of compact groy limestone. 

The other two quarries are opened in rocks having the same 
lithological character as that at the bas€* of the above section. 

The following fossils were obtained from the iTeroccrian beds at 
the localities named below : — 
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Pterocerutn Fossils, 



1 

! 

o 

! (D 

i Xi 

§ 

, o 

p 

a i 

! 

Jougne, 

Natica gigas, Br 

i 



* 

Chemnitzia Bronni, IT Orb 





Nerinaia Elsgaudifie, Thurm 

— bruTitrutana, Thurm 

* 




Pterocoraa oocani, Belah 



* 


Pholadoniya Protei, Ag 


* 

if 


inulticosta, Ag 



w 


Homomya hortulana, IT Orh^ 





Pleuromya donaeina, Aq 


... 

... 

if 

Ceromya oxceotrica, KL 




if 

inflata, Ag 



» 1 


Aatarte subclathrata, Thurm 




if 

Lucina rugosa, Pom 





Oardium banneflianuin, Thurm 


* 


* 

Diceras BUjjrajurense, Thurm 





Trigonia euprajuretisis, Aq ' 

Modiola nubasquiplicata, Goldf. 1 


* 

*■ 


prplieato, (ioldf. 

jurensis, Mer 




* i 

Pinna luonsboliardiana, Cmtj. 




1 

Pect.cn Beucdicl.i, Conij ! 





Hmnif.CH iuicquintriaius, Volf:: 


# 



Ost.roa wTiiiBKliUiria, I'lf 


* 

it 

* 

Terebratula .siibaclla, D'Orh 

HoinicidariH Thunnanni, Ag 

* 

* 

* 

if 

least.rca oblonga, Firm 



"" 1 



Tke lower division of the Portlandian consists of massive grey 
and compact limestones, which are largely quarried. Towards the 
base these beds are lighter in colour and become marly. J^ossm 
are never abundant in these rocks, but they nevertbeless con fl 
fragments of teeth, scales, and bones of fish and other vertebrates. 

The upjper Portlandian is largely made up of massive limestones, 
which are often dolomitic, and distributed throughout it are beds oi 
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marl, varying in thickness ; the fossils from these beds come prin- 
cipally from the marls. 

In the neighbourhood of Brenets and Villers-le-Lac there are 
several sections in the rocks of this stage. Near Brenets it is seen 
as a thin-bedded, grey limestone, intexbedded with fossiliierous marly 
bods. Then, again, both sides oi the Lac-des-Brenets are formed of 
these Portlandian limestones, and in this locality })resent a striking 
resemblance to the Mountain Limestone in some of the Yorkshire 
dales. Similar limestones are also seen below the Purbeckian 
beyond Lode, and the whole series is well exposed in the gorge 
leading from Neuchatel towards Valangin, where the following 
section was observed : — 

6. Thick series of thin-bedded, compact, grey limestones. 

5. Thick, compact, grey limestones. 

4. Thin marly bed. 

3. Gray and compact limestones. 

2. Marly bed. 

1. Thick series of dark-grey limestones. 

The PurhecMan of the Jura has attracted considerable attention, 
and has been fully described by Jaccard and Be Loriol, and again 
by Maillard. Jaccard (op. cit. -p. 176) makes out three subdivisions 
in this stage : — 

An upper grey, oolitic and fissile marl, about 4 metro (20 inches) 
thick, containing brackish-water fossils. This bed occurs at Villers- 
le-Lac, and also on the road to Valangin, near Neuchntel. In the 
last-named locality it is represented by a marly hod, which contains 
numerous scales of fish. This forms a i>a8sage into the overlying 
Valangian, and below it come some more thin-bedded marls and 
limestones, with freshwater fossils. At ViUors-lo-Lac these beds 
contain numerous CV/z/m-spores. 

The middle Ftirheclclan is much more variable than the preceding. 
Below the freshwater marls and limestones there is a fairly constant 
bed of very porous and almost scoriaceous limestone, which passes 
down into clayey beds containing numeroxis small bi])yramidnl 
quartz- crj'stals, and carbonaceous material is sometimes present, as 
are also crystals of gypsum. 

The lower Piirhechimt consists principally of limestones, and in it 
the following zones have been m^e out : — 

3- Limestone of scoriaceous texture {DoUmiie cellulauKe), 13 t<j 13 feet. 

2. White, and sometimes oolitic, limestone (Dolomic saccharotde), with Car- 
dium villcrctisc and Cnrbula injlexa^ 6 feet 6 inches. 

1. Fissile, thinly laminated limestones, 34 feet. 

None of the sections observed by us in this district showed these 
three suhstages, and in most cases only a small exposure was visible. 
At St. Imier greyish marly limestones with TAmncm. and Plmwrhh 
were seen belonging to this stage. The section at Villers-le-Lac, 
which is perhaps the most typical for the Purbeckian in the Jura, was, 
at the time of our visit, almost completely hidden by d<^bris ; we 
saw some thin grey limestones and marls with fossils, and below 
these came clays with g;y^psum, and there were numerous small crystals 



248 


MR. T. ROBERTS ON THE UPPER JURASSIC ROCKS 


of quaVtz scattered about the surface of the ground, which had 
been washed out of the clay. The clayey beds with carbonaceous 
material and gypsum were seen in the railway-cutting near Lode. 

Marly beds of Purbeckian age were also observed north of Ste. 
Croix ; and further south, near Vallorbes, the following section 
occurs ; — 

' S. Yalan^an. 

% Purbeckian: — 

(d) Vesicular and some compact limestones. 

(c) Compact grey liniestono. 

(A) Scoriaceous limestone. 

(a) Grey marls. 

1. Portlandian. 

The section on the road towards Valangin, already referred to, 
was also visited ; and here again the succession was not clear, but 
the beds of Purbeckian agt* which were seen consisted of grey hme- 
stonos and marls. 

The Purbeckian of the Jura is said to be conformable to the Port- 
landian beds below, and to pass up without any physical break into 
overlying Valangian ; and our own observations support this view. 

Prom the description of the beds in the two districts under con- 
sideration it wiU bo seen that the various stages differ considerably 
in their lithological character and, to some extent, in their fossil 
contents. On account ot these differences it is not always easy to 
correlate exactly the beds in these two parts of the Jura. In the 
accompanying Table (p. 2-P)) a correlation is given which is pro- 
bably approximately correct. 

In both areas we find the Oallovian underlain by the ^ Dalle 
nacree.’ The Callovian itself is, as already stated, hut feeblj^ repre- 
sented in the southern district, and the Frr scni.'^-oafordieu, so well 
marked in the northei'ii parts of the Jura, is scarcely represented in 
the Central Jura, unless it be by the clayey bed in the upper part 
of the Callovian, which sometimes contains pyritoiis nodules. 

In the ‘ Combe Grede,' near 8t. Tmier, where the Callovian consists 
of n tbin cherty band, the Callovian of ho northern district may be 
represented in part by the uppermost portion of the ‘ DaUo nacree.’ 
The Oxfordian presents much the same paleeontological character 
in both districts, and the correlation indicated in the table is, as 
far as can be gathered from the study of the fossils, correct. 

The CoraPian of the southern district, according to Desor and 
Grossly (‘ Etudes Geol. sur lo Jura Ncmdidtelois, p. 75), represents 
only the Terrain d chailles sllicena; of the Northern Jura, and they are 
of opinion that the Oolithe corail ienne and Calcaire d Nerinees are 
wanting in tbe Jura Neuchatclois. About 50 per cent, of the 
fossils from the Corallian of the Central Jura are found in the Terrain 
d chailles stliceux, whilst only about 8 species (out of 54) occur in 
the Oolithe corallicnne of the Northern Jura, and most of these 
appear also in the Terrain d chailles siliceiia'. It is highly probable 
therefore that the correlation given by Desor and Grossly is correct. 
If this be the case, the question arises whether any part of the 
Astartian of the southern district is the equivalent of the Calcaire 
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a Nerinees and Oollthe corallienne. From an analysis of the fossils 
it appears that of the 02 species recorded (Jaccard, op. cit. p. 199) 
from the Astartiun marls of the south district, 35 occur in tho same 
beds in the northern district, whilst 8 onlj’ have been found in the 
Calcaire a Nerinees, and 3 of these range up into the Astartian. 
There are therefore only 5 species which connect the Valeaire d 
Nerinees with the lower division of the Astartian in the Central Jura. 
From these considerations it seems probable that these Astartian 
beds represent palsBontologically but little, if any, of the upper 
portion of the Corallian in the northern Jura. 


Table of Correlations of the Upper Jurassic in the 
North and Central Jura. 


1 

s 


Northern District. 

Purbeckian. 

Southern District, 

Purbeckian. 

Portlandian. 

Portlandian. 


Pterocerian. 

Pterocerian. 

Astartian. 

Astartian. 

Caleairc k Nerin<5e8. 


Oolithe Oorallicnne. 

Corallian, 

Terrain a chailles sili- 



/Terrain k chailles mar- 
1 no-calcaire. 


Calcaire a Scypbios in- 
ferieur. 


Ph oladomian. 


Spongitian- 



( 

/ 

c 

fjjo For sous-oxfordien. 

Superieur. 



- 

S. '' 

Zone of A//1. macroce- 

Inf^rieur. 

6 

pbaltis. 

y 

Patho- j 

f Dalle naor6e, &c. 

Dalle nacr^e. 

nian. 1 

L 


Q.J.G.8. No. 170. 

8 


Oxfordian. Oallovian. 



South-west England. Swiss Jura. 
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The Astarfcian bods in the two districts have many characters in 
common, and are approximately on tlic same horizon ; and the same 
may be said of the Pteroceriari, except that the latter is considerably 
thicker in the southern district. 

It has already been pointed out that the Virgulian is hardly 
represented in the southern district, unless it be by the marly bod 
at the base of the Portlandian. 

The two remaining stages, the Portlandian and I'uiheckian, fire 
found ])riucipally in our southern district, and those recorded from 
tlie one locality, Moutier, in the northern district- are probably on 
the same horizon as those similarly named in the southern district. 

3. CoiiKELATlON. 

When the Upper Jurassic rocks oft lie Jura are comp:ired with 
those of Engliind, one cjinnot fail to notict^ tlie marked dissimilarity 
which occurs in tlieir lithoJogicfil charjicUn- ; and this is l)cst shown 
in the upper part of the series, wliich, in Knghind, consists of the thit‘,k 
clfjys of Kimeridge and the more vjiri.ihle Port-hind and Ihirhccks, 
whilst in the Jura t-hoy are formed of inassiv(‘ limestones. 'J'here is, 
howevi'i’, a strong ri semhhince in some of th(‘ lower beds in the two 
arejis, and indeed some of them are almost idcnticfil in their litho- 
logical character. The diltenmce in tlie mituro of the rocks is, of 
course, accoini)anied by a dilibrence in their lanna ; find on this 
account it will not, in all cases, he easy to ('bt;«blish the true syn- 
chronism of the stiigos in the two cminlries. (Certain well-marked 
zones fire i»rcsent in lioth areas, find tliese fire of great service in 
working out the correUitioii of the remaining zones. 

()p})el, ill his ‘ Jura-form;ition Unghinds, hrankreichs und des 
siidwi'sllichen Deut-schlands,’ corri'iates the Unglish Up])er Jurassies 
with those of tin' ISwiss Jura as in the ficcompanying table, p. l250 
(extracted from his table no. 

The classification employed by t)]>i>el ditfers sonuiwhat from tliat 
which is adopted in this pfijicr. Jlis zone 34 includes the Yirguliaii 
and Ptcrocerian of later writers ; zone 32 is the ‘ Oolithe eorallienne * 
and the ‘ Calca-ire a. iS’erinbos : ' zone 3( ) is the Oxfordian ; and the zones 
20—29 (inclusive) represent the Callovian, of which 27, 2S, and 29 
are the ‘ Per sous-oxfordien.’ 

In the years 1<S57-0U, Marcou's ‘ Lettres sur les Uoches dii Jura,’ 
&c., ap])cared, and in them he attempted, amongst otln^r things, a 
correlation of the Jurassic beds of the Franche-comte with those of 
England, and also refers to the sfinie beds in the Jura. The only 
beds which he correlates with certainty are included in his Groffpe 
coralUen, which lie lUfikes the cijuivalent of the Coralline-oolite 
Grou]> of Phillips, -lill liis other correlations arc queried (see his 
table, p. 19 1). 

Waagen,in 1803, in his ‘ V^ersuch einer allgomeinen Classification 
der Schichten des obereu Jura’ (table, p. 30), gives the following 
correlations of the English and Swiss beds. In the fourth column 
the classification adopted in this paper has been added. 

8 2 
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Prof, Blake, referring to Waagen’s classification of the British 
Jurassics, states that he can only make out a two-fold division of the 
Kimoridge Clay — an upper ^ which agrees with that of Waagen, and a 
loiver, which includes the Middle and part of the Lower fomeridge 
of Waagen ; whilst the remainder of the Lower Kimeridge, together 
with a portion of the underlying zone of Cid. jiorigemma^ Blake in- 
cludes in his Kimeridge Passage-beds (Q. J. G. S. voL xxxi. p. 197 ). 

The following table is taken from Renevier^s “ Tableaux des Ter- 
rains sedimentaires ’’ (tab. no. 5, Bull. Soc. V aud. vol. xiii.) : — 


England. 
Purbeok Beds. 

Dirt Bed of Portland. 


Jura occidental. 
Marnes k Platiorbis Loryi, 
Marnes a Oypse. 

Calc, dolomitiquo A Cor- 
hula injlexa. 


Portland Stone. 
Portland Sand. 
Upx^er Ivimoridge. 


Kimoridgt'! Clay a Exogyra 
virgula. 


Upper Calc Grit et Coral 
Rag (pars). 

? 

Coralline oolite a Lima 
rigida ; et. 

Bancs a Cidaris flori- 
geifi/ua. 


Calcaire Porthiudien. 


Marnes A Osfrea virgula 
(Virgulien inferieur). 
Pterocerien. 


Astijrtion coinpacte, &.o. 
Astartion inarnonx. 


Oolithe coralliene a N6- 
rinees ct Diewras aria- 
Ibia, et 

Calcaires cliailh^ux. 


Terrain a chaillcH A Cr 
Heusi hi 


Calc Grit a Oafi'ea di- 
lafata. 


Oxfordien 


I Plioladomien, 

•{ Calc, l.ydraulique 


Oxford-clay a A mm. Dim 
ca?ii. 


Kclloway-ruck a Amm. rtd- 


Marne Oxlordicnne a fos- 
silert pyrileux. 


Kolluvien ferrugineux a 
Amm. aiiccjis el Amm, 


lu the subjoined table an attempt has been made to show the 
correlations of the authors referred to above, and it will be seen that 
they differ in several important points. 



Correlation of views of diferent Authors, 
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I Zt>n(* of Aw/i'. iourroniJio- K^-lIowa)^ Rcx/k. Kelloway Bock. 
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The lower division of the Callovian^ or zone of A/mnotnU^ macro^ 
t ejjhalus, as shown in the above table, is regarded by Oppel and 
llenevier as the eijuivalent of the Kelloway Koek of England. It 
is a well-know'ii fact that this rock is local in its dovolopmcnt 
in Phigland, and can only be regarded as the basement bed of the 
Oxford Clay. In Yorkshire, and again in W iltshire, this rock con- 
tains a fairly distinct fauna. A complete list of the fossils from the 
Kelloway Jioek of Yorkshire is given by Mr. Iludleston (^IVoc. Geol. 
Assoc, vol. iv’. p. and twelve of them are recorded from the ma- 

of the Jura. Very few of these lU species, however, 
are peculiar to the Kelloway Itock, since most of tlu'm range up 
into the Oxf(wd CImv . ^ innn . macroccjt/ittht.'i itself does not aj)pear in 

Mr. Kudlcston's list referrt d to above, alilmngh a variety is recorded 
from these beds C*eol. Mag. p. IdT). th<* species is, Iiowever, 

recorded from the . le<V///ff-shales which uinhulie tin* Kellowa)’ 
Hock. Tliesc sh.ih's mIso (contain erhtnafu^ JiJtt/nr/iom Iht 

ronvinna ?, and Wdf'fhetutta laifiUttl all o; which arc eluiraeteristic 
of t!io upix'r part of Uje Hathonian of the lura. 

T)r. W'right gives the following arrangemi'U ! oi the hods whielt 
come between the < )xfor<I ( 'lay and tin* (./'oi'iibrash in W'ilts]iire( Ih'oe. 
Ootteswold Nat. (.Jul) for I SbJ), p. ii<l7 ): • 

Oxford Clay - /<>ne*»r yX//0/?. -/i/snit. 

Kelloway Jio<*k - /.one <.*r Aimii. t'o/iorirnsifi. 

Kcllo\va\ tShalc' - /.oiio ol’ . b/»/y/ iuxttroi-rphal us. 

(.’ornbra.sh. 

The fossils recorded from the (kjnibrash of W iltshire. (Wright, 
cit. p, LhM)) include Pholuduunfa Jleravlti ^ uli'intJd cchliuita^ A. roH- 
iahty Teruhratola i/t(< ruudi f, imd Ji/ttjnrJiotif ll(( cimriima, all of which 
occur in, and most oftluco a.r<‘ eh aract eristic, of, the U])]>er bods of 
the hathonian of I Ik .liu a. Of the i'ossils udneli have])een (sollected 
from the Kellt^way beds of this part of KngJand cit. pj). 208 
and 200) 1<) havt^ l)een found in the iaa(vv>.;vyy//oOos'-zone of the Jura, 
but only one of these, viz. Antm, nisrcronythahts, is p{rculiar to the 
Kelloway Ijcds. S(‘vcTal of the or//o/o.v-gronj) <»!' Ainmojjiles occur in 
the zone of Anna, nnn roCipJadnH as well as in the overiyif^g ‘ For 
sous-oxfordien ' ; similarly they appear in the Kelloway beds and in 
the Oxford Clay. 

In the liedfordsbire district the ormtlnsi Amnionito.s hav(.‘ b<Hui 
found low' down in Oie Oxford (Jay. and the same tiling also ocmirs 
at vSwindon til. H. W'oodw'ard, Q, J. (i, S. vol, xlii. ]>. 205). 

From the above remarks, it may safelj' be stated that the fauna of 
the Cornlnash links it closely with the njiper beds of the Hathonian, 
and that the lo\\ er division of the (Jalloviaii (zone of Anna, maern- 
vephalitfj) is represented in England ]>y the K(dlo\vay itook or, 
when the latter is absent, by tin! lower beds of the Oxford Clay. 

The fer soiis-oA'fordu'tt has man}* characters in common with the 
Oxford Clay of England. Lithologically it is almost identical, and 
there are several sjiecies of Ammonites common to both ; and, 
further, these fossils arc preserved under precisely similar conditions, 
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that is to say, they are pyritized. This sub-stage includes the zones of 
Amm, hiarmatus^ A. athleta^ and A. anc^p^ of ()])pel, who correlates 
it with the Oxford Clay of ^S.^V*. England, and with the Oxford Clay 
and part of the Kclloway Itock of Yorkshire. Waagen and Eencvier 
similarly yd ace it on the horizon of tiie* Oxford Clay. 

In Yorkshire, Hudleston (oj>. cit.) makes a tiirce-fold division of 
the Oxford Clays ; — 

it Upper, witli Amm. pcrar/riatu.\ rarely. 

i!. Middle, will) Amm. Kugenii, A. (^ciiu/us, &c. 

I . Lower, with Bel. Ovwnii^ Ammonites. Lmnhcrfi, A. athleta, A. oculatus^ 
and A, crenatns. 

Further soutli, in Northamptonshire and Uedfordshiro, where 
there is but a thin development of the Kelloway Hock, the following 
subdivisions have been made out by Prof. Judd (“ Geology of liutland,’’ 
Mem. (ireol. 8urv. p. 232) : — 

f. Clays with cordafi group (d Ammonitos. 

e. ,, ,, AnirnouiteN of tljo grou]> oniati and Terclyratida 

impressa. 

d. Clays with JUlemniies hast ai ns. 

c. ,, „ Owenii, 

h, „ ,, Nm ida nttdd. 

a. Kelloway Sands, <S:c. 

In the south-west of England the two zones, an uy>pcr with 
cordati and m lower witii or/taft. Ammonites, havt* also been recog- 
nized (H. Ik Woodward, Q. J. G. S. vol. xlii. p. 2i>r>). 

Tlnilistof fossils from tin* * For sous-oxlordien 'of the Jura Bernois 
given by Grep])iii {op. vH. ]>. oS) contains 8(> sy^eeies, 2<) of wliich 
occur in England at the. ftdlowing horizons respectively : — 

3 9 species in Oxford Clay. 

4 „ Lower Calcareous Grit. 

1 „ Coral li an. 

2 ,, range from Oxford Clay to J^ower Calcareous Grit. 


The following fossils, amongst others, are common to the Oxford 
Clay and the ‘ Fer sous-oxfordien ’ ; — 


Bolcnniitos Puzosianns, J>' O. 
Ammonites erenaliis, limp. 

Lanil>erti, 

Maria*, 1)' Orb. 

— cord at us, Sow. 

oeulutus, Idtil, 


Ammonites atldeta, Phil. 

Jletirioi, 1)' Orh. 

pei-arnuitus, Sow. 

Leda (Nvieula) lachryn\a, Sow. 
JVrt'bratula impreesa, v. Buch. 


It will bo seen therefore that both the cordatl and ornaii Ammo- 
nites are well rejtresented. In England Amm. prrarniatas is found 
princijially in the up})er ])art of the Oxford (day, but more commonly 
in the Lower Calcareous Grit ; in the Jura it occurs in the Oxfordian 
as well as in the * For sous-oxfordien,’ and this would indicate a high 
position in the Oxford Chiy for the ‘ Fer sou.s-oxfordien.’ Grpph<va 
dilatata, our most coiuinoo Upy>er-Oxford-Clay /ossiJ, is, on the 
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other hand, absent from the ‘ Fer soas-oxfordien,’ hut is recorded 
from the overlying beds in the Jura. From these considerations it 
is clearly seen that the ‘ Fer sous-oxtV>rdieii ’ is ri'presenU'd by the tlx- 
ford Clay ol England ; but whether the former r(']>resi‘nts the whole 
of the latter is V(‘ry difti(Milt to decide. The‘ Fer sous-oxfordien ^ 
undou))tedly contains sevejal spi'cies which oecui- in our Lower and 
Upper Oxford Clay ; hut some characteristic fossils of the latter 
subdivision arc ahsent, and have been found only in the beds over- 
lying the " Fer s<jus-(>xfordi(*n,’ and it is (juite i)ossil)le that a portion 
of the Oxfordian beds of tlio Jura may be the eqnivahuit of the 
upper part of the Oxford Clay of England. 

In our southern district of tlie Jura- it will bo rememhered that 
the Calloviaii is but I'oiOdy dovelo]>ed ns compared with that of the 
northern area. Jaccard's list of fossils (a/f. elf. p. 2L‘{) from these 
beds includes 1 1 s])ecics of Ammonites (some belonging to the vordati 
and others to tin* ornati grou]>) nearly all of which occur in the 
Oxford (day of England. -.L/////. hntcroceph(d ns is not r<*cordod, 
nor is Grtfphna (filatnttf. Flu* representatives of our Kelloway 
Koek and (Ixford Cbiy, or at least the greater part of them, must 
be found in thesis (^illovian luhs. 

Tlie fauna of the Oxfordian beds in the norllu'rn ]>art of the Jura 
is fairly well niarkt'd olf irom the underlying (•allovian. Indeed it is 
much more closely allit'd t<» tin* Coralliun. Out of tin* 154 s]>ecies 
recorded lioni tlu*se beds OL‘(‘])])in, <)j>. elf. ]». (tS) 55 ptiss u]) into the 
“Ti'i-rain a ehaillt's si!ieen.\,' whilst .only 1^* oeein- in tlie Callovian. 
Amongst, the i5l sjKcic's iln re no j<*ss (lian 51 English species 
coniiug from the fol lowing huri/.«>ns : — 

Lowt*r Oolites 2 sjiecieB. 

(Jxford Clay ,, 

Corallian ( incdiiding tin* Lower (’alearcons Orit) 2^1 ,, 

Oxford Clay and (..•orallian 21 „ 

,, ,, and Coriihrash .1 „ 

Kimeridge Cday 1 ,, 

51 

The species pecnliar to our Oxfoixl Claj' are: — 
rronalus, lii tn/. 

Tercbrutula iaipn ^sa, t;. Ihn h. 

And such forms as Amm. pt rarwatns, Amni. cordatu?:., Amni. convo- 
Intus^ and (JrjfjtJitui dddtnfn ar<? also jirescnt, wliich in England 
range from the Oxford Clay to the Lower (Jalcareous Orit. The 
evidence derived from these fossils snp]»orts tlie view already ex- 
pressed, that a portion of the Oxford Clay of England is on the 
horizon of the Oxlordian of the Jura. 

* In Working out the rangp* of the Kngli.di f<issil« the following lists have 
been used - .Morris’s Cutniogue of Jiritish Fu.ssil.s ; lludleBU>n, I roc. Geoh 
Absoc. vol. p. 481 ; Blake tX iludleston, G. J. G. S. v d. for 1877 ; 8o<lgwick 
Essay for 188l5, lilS. 
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As stated above, there are 23 species common to the Oxfordian 
hods in question and the Coralliiin of Eugland, and further most of 
the 21 species which range from the Oxford Clay to the Corallian 
are more characteristic of the* latter than of the former. Of the 23 
species which occur in the Oxfordian of the Jura and the Corallian of 
England, 10 are found in the Lower Calcareous Crit, 6 of w hich are 
peculiar to that honzon, and 1 1 out of the 21 species which range 
from the Oxford Cla> to tlie Corallian have not het'n iViund above 
the Lower Calcareous Oi’it. The 0 species peeiiliar to the Low'er 
Calcareous Crit are: — 

.A mtuoiiil-es canaliculatus, JMiinst. 

Heririci, IXOrb. 

Plioladtmiya eoticiona, Ag. 

cingiilaiji, Ag. 

Khytichoaella U'hunuaiini, Lir. 

MillerieririUM echlnatus, Srh(. 

The last-nauied sj>e<'i(^s is one of the most characteristic fossils of 
the lower heds of tlu' Oualliaii of England : in the Jura, however, 
it passes up from llie Oxfordian into th(‘ 'JVrraiii a chailles silic('ux, 
and the same may he said oi JihgucJiihuUa TlmruKtnnl. 

"IJie I'aniia of ll)t‘ ( txfordiaii of tlie Jura has certainly a distinct 
(braJliari and apj)ears to hti closely allied to tht^ lower part 

of th(‘ English ('orallian. From jjalieontologictil considerations, 
therefore, this stage must he regai<hal as the e(}iiivalent of the 
Lovrta’ ClalcaroouK (hit, together with a part of tht^ underlying 
Oxford Clay. 

In il>e southern district of the Jura, OS H])eries are recorded from 
the Sfiongitiuji (Jaccard, op. <•//. ju 2<hM, and 24 from the Phohado- 
mian {ihid. ]). 207 ). Nine' s])eeies of th<‘ foiauor occur in England. 
7 of which arc ('orallian ami 2 ()xb*vd ( lay. The 2-1 Pludadoiuiaii 
fossils inclmh^ 4 llritish s^Kriis, 2 coming from Ihi^ ('orallian and 
the Hinrie nuinl)er from the Oxford C4ay. Hu- cvidcjicc oblained 
from thes(i fosNils points to niiu-li the same couclusions as those 
arrived at above. 

The 'J\‘rniui () vhitifh s .'iUinit.v y'w\i\vd 1 7'^ species (Oreppin, 
ojK cit. p. SO); as alrea<ly stated. 55 of (hese are common to the 
Oxfordian, Avhilst 11 j»ass iij) into the u excluding 

those fossils which range: up from older beds. The fossils from the 
‘ Torraiii a cliaiiles siliceux ’ include 5j Euglish species, 34 of w hich 
are exclusively ('orallian. range from the Oxford Clay to the 
Corallian, and th<* remaining 10 arc LoAver-Oolitc' forms. There i> 
little doubt, therefore, that tlu* ‘ Terrain a chailles siliceux ' of the 
Jura is ou the sanu‘ hoiizon as some ])art of the English Corallian. 
The latter has been fully described by Llake aiul Hudleston (CL J. (J. S. 
vol. xxxiii. p. 2(>0), and they have made out the following sub- 
divisions of these beds {ojt.i if. p, 3S0) 

(». iSupnicorallinp Ht'tls, 

r>. Choral Kag. 

4, Corn Iliac Oolite. 

3. Middle C^dcareous Orit. 

2. The bower Limestone or Hamblcton Oolite. 

1. Lower Calcareous Grit. 
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The question arises how many of these subdivisions represent 
the ^ Terrain ii chailles siliceux/ Wo have already seen that the 
Oxfordian is on the horizon of the Lower Calcareous Grit, and some of 
the fossils from the ^ Terrain a chailles siliceux ’ also connect it with 
tho Lower beds of the Coralliau, as for example : — 

Gerrilliii aviculoidcs, So 7 fK j ^Millcricrinus oohimitus, /St'/i/. 

Wiildheimia bucciileixta, Sow. j Gryphaui dilatiitn, Sow. 

Rhynchoiiella Tliurmaimi, /?r. j Uelcinniti's hastutus, Blainv. 


None of these occur above the Hambleton Oolite in England, 
The siliceous beds in the Jura also contain ; — 


Annnoiiiles plical ilit*, Sow. 
Choumitzia lieddingtonx'iieiis. Sow. 
Ostreu diiriusfula, Phil. 

-Lima jicctiiiilbi'iiiis, Schl. 

Ti*ivbrat Jil.i insignis. Soliah. 
Cidiiris Phil. 

lIcMiiicidariH iatonuodia, l'le,n. 


TMuisiniioIla siriiita, Sow. 
'tVigonia inonilirera, Aif. 
Mytilus ])ec'tina(uy, Suvk 
fdypticiis lii('n»glypbic*iis, Acf. 
iStoiaciihinUH gyrattis, .iff. 
(’IvjM-iiK sulxiihduM, }". d' JP 
Montlix ultia dinjxar, Phil. 


All of tlu*s(^ are characteristic of (h(‘ CoraHiiic Oolite and (Jornl Hag. 
'I'he sub-z<»ne Pitfa ris Jlori>f<mni(( {i'itYwX Uag) is niarktul in Kngland 
by the abuiulance of this Kchinoid, ami it is in fact almost, limited 
to this lu'rizon*^. In the Jura it makes its tirsl a])])caraiice in the 
’■Terrain ii Chailles siliceux,’ and extends nj> to tbt^ IMin’ocerian ; as 
far as was s<^ell by ns, liowever, it occurs nlmndanily <^>r»ly in the 
‘Terrain a Chaille.s siliceux.’ G//f/dirt(s' /ii( rof/l(//>htct(s is also fairly 
common iii tluse beds in tho Jura, altlmngh it is said to range 
into t,h^^ ovcrl\ing ’■Oolitlu' corallicniie ’ and " thlcaire a iShh’im'es'; 
in England it is centined to tlm ('oral Kag. tin jial'tcontological 
grounds tln'rcfore tlie ‘ i'errain a iJmilles siliccuix,’ while probably 
reprcstmliiig som<‘ portion of the lower divisions of tho Coral! ian 
{C.t/. tlio llambletiui Oolite), must also Ixi regarded us t lie: (.*qni valent 
of the other sithdi visions of th(^ (/oraHiaii of England, uj) to and 
including a ])art at least of the (^>ral Itag. 

It has already heen slmwn that lluj Corallian of the southern dis- 
trict in the Jura ] noha hly rt'presmits only tl(e ‘Terrain a (.'hailles 
siliceux ’ of the district I'urthcr nurtli. Jaccard rit, p. 20-1 ) gives 
a list of Tjo species from these beds, 2o of which occur in the Hritish 
tiorallian, and 12 belong exclusiv(dy to the Coral Rag and (Joralline 
Oolite. Here, tigain, the evidem-e- is clearly in favtmr of the corre- 
lation indicateil above for the ‘■Terrain a Chailh;s siliceux.’ 

The OoJith^^ lias, as alnjad}’ shown, lieen recognized 

only in tho northern district of the Jura, and has yielded a fauna 
consisting of dl s]K'cies, !o of which occur in the Coi’al Rag and 
Coralline Oolite of Knglaiid. Tliesc lU s]>'“ies inclmh* — 


Aiunioaitcs plifjit Snfr, 

Ncriniv.v Ihcuicri, (in/t/r’. ! 

— visurgis, P'tto. j 

Ceritiiiuui iiiiiiJerorTae, Nmn. j 


'^f ri«ro}>i:i .it/. 

'J’»‘r<‘br!it >da in‘'ii^uis, Sf hO.h. 
(dyjiticus lii{^rogly})iiicu.'». (ioldf. 


It 19 recorded from the Kiineridge }*a«»age-betl 8 by Ib’of. Ihake. 
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The fauna connects these heels also with our Coral Kag, and they 
must be regarded as belonging to that horizon. 

'j’he ‘ Calcaires ii Ncrinees,’ which are the same as the />/cera.s-bcds 
of Oj)]>ol, are, by liini, stated to be probably represented in England 
by part- of tlie Kimeridge Clay, and probably also by the Upper 
Calcareous (Irit {Oft. cit. tab. p. 8();j) ; in his tab. no. (>4, however, 
bo placi's them on the horizon of the Upper Calcareous Crit (?j. 

The list of fossils from these iVVr//<.#co-befls contains 1 species 
((xrej)j)in, p, 8S), of wliich are Jlritish ; 2 only of those 

are restiietcd to our Kimeridge Clay, viz. Turbo JalU and Rositllaria 
rnoseusLfi^ 4 are Jjow(ir-Oolite forms, whilst the remaining 22 species 
are (Joralliaii. Out of these 22 sjxscies — 

lij occur in the Coral Itag. 

2 occur iu the Coralline Oolite. 

it occur in tin; Coral liag and Coralline Oolite. 

4 range from Oxford Clay and J.ower Calcareous Grit 
— to the Choral Hag. 


The (Joral Hag and (’oralliue Oolite species include — 


Ncrhin a KoMMcri, (ioldf. 

clynu'm’, IfOrh. 

Turbo priucc]).*^, 

(lualic.ost a, A’/. 
'JVTcbrat ul/i SchUfi. 

(Jiduris {lori^(‘iMU»ji, I'/tlf. 


Henuoiduris inlrrnuxlia, Finn. 
CSlyplictJH liicrogl\])lii(*uy, (xohlJ\ 
J*H«Mul(>(liadt‘nja ra<liala, I*/till. 
Thccosiuilia autmlarifS, Firm. 
Th.ituuasl roM coiici) iia, (lolt/J. 
{Slyliiui lubulilcra, J'/til, 


All of th(‘m b('lo?ig to our Coral- Hag fauna. Il lias already been 
stated llmt th<‘se AVr////»r/.“limestones are, in stune localities in 
the Jura, crowded with corals, and here Ihey W(‘re nndoulitedly the 
silivs of old eoral-reei’s. .Many of 1hi‘ eorals in tlies(‘ nad's are similar 
to those wliich occur in rocks having mucii tlie same characU r in 
England, and which are, for lh(; most part, of Ckual-Kag age, althongli 
not exclusively so, sinci' some are known from the I ]>])er (Julcaitous 
Grit, as, for example, the reef at Hingst<aul Hay (Hlake and lludle- 
ston, Q,. J. G. S. vol. xxxiii. p. 272). The most striking difi’erence 
between the coral fauna of the Hritisli Coral liaii reads and those of 
the Jura is tin? larger luiinbt'r of species in the latter. J’rof. Koliy 
inforn\ed us that abt>ut 2lHi species bad been described from those 
coral-hearing beds at i-atpierelle. This richer coral fauna in the 
Jura may be due to n mort‘ suitable climatt' tor c»a'al-growth having 
existed then' than in Vhiglaiul. Neumavr iuis shown that troiucal 
conditions prevailed in the region of the Jura during Jurassic times, 
whilst in England the (dimatewas more temperate. The more presence 
of coral-reefs in the ‘ Ualcaire a NerimVs ' of the Jura, and in the 
Coral Kag of Ihigland, dot's not hy any means prove that they are of 
the same age ; when, ht)wex"er, the number of fossils, corals as well 
as higher forms of life, which are common to both are taken into 
consideration, it scorns bighly probable that tbej' belong to approx- 
imately the same period. The • Caleaire a Nerinees ' contains no 
Uppor-Calcar«‘ous-Grit and onh* two Kimeridge-Clay fossils, so there 
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is little or no evidence to show that they represent any part of our 
Upper Calcareous Grit or Kimeridgc Clay. It is possible, and, 
indeed, ap])ears to bo higlily probable, that the ])eriod during which 
coral-reefs liourislied in the Jura may not luiw terminated at the 
same time as in England ; if sucli was the case, tln'ii the coral- 
roef fauna would liavo survived as long as the ])hyslcal condi- 
tions were favourable, with little or no change. That such was the 
ease in England is shown bv the fossils of the Itingstead-Hay roof, 
whicli stratigraphically eomt's immediately helow the Kimcridge 
Clay, yet its fauna is precisely like that of the (.!oral flag (lilake and 
Hudleston, J. G. S. vol. xxxiii. x). 272). If the two Ivimeridge- 
Clay sxiccies which are recorded from the M\'doairea N<h’irukvs ' he 
taken as an indication of the commencement of tiie introduct ion of 
the Kimeridgian fauna into the Jura, W(' may thou regard the ‘ Cal- 
caire a Xcrinces ' as ]>eing rex>reseutod in England by a XH>»‘liorj of 
our Coral Rag and the whole of the U]*per Calcareous (ilrit, and what 
other evidence there is would m^t he opposed to such a view. 

The three stages which overlie the Coral Han of th(» dura, viz. the 
Astartisn, JTerocerian, and Virgulian, arc closely united together, 
botli in their lithological character and in tlu ir fauna, and by some 
geologists are included in one gr<Mip, whicli they t(um tlu^ Aimer* 
itfijian. The Astartian is regardt^d by Oppi'l and \\'a{igcn as repre- 
senting ih(‘ lowi'r jiart of the Kini('ridg(‘ ( Jay ; hut lh*tu‘vier places 
it oil the liorizon of th<^ upper x^'^-G of our Cornllian. I{lak(‘ ((i. d. 
G. S. vol. xxxvii. p. correlates the* Astartian of Franca', 

which, from its fossils, ap|>e:i.rs to be thi^ sauH' as that of the dura, 
with the Kimeridgc Passag<‘-hc‘ds, including the; Ahlioisbury and 
Westbury ironstone, and witli the basal jiortion of tlu^ Lower Kimer- 
idge (Jlay. 

(irrejipin {op. at. ]>. lHl )giv(‘s 21 o spi'cie.s IVom tlio Astartian of 
the llcinois district, to of which occur in England at Hkj following 


horizons res])ectively : — 

Lower ( lolitcs 2 

('(»ri',lliuo Oolite and (V)ral Rag l/> 

Kimcridge Jhissage-beds (including llie Abhots- 

bury Ironstone) 7 

Kimcridge i*as8age-bcds and Lower Kimeridgc 

Clay 7 

Upx>er Kimcridge I 

Corallian and Lower Kimcridge 8 


40 

The Kimcridge (.’lay of England has been fully described by Blake 
((4. J. (t. 8. vol. xxxi. p. lUO), and the following fossils, amongst 
others, he regards as being x>eculiar to the Kimcridge Tassagi^-bed« 
(including the Ahbotsbury Ironstone) : — 

Natica eudora, D'Orh. Area sublata, jyOrh. 

Pleuroraya Voltzii, Ag, Lucina plcboia, Confj. 

donacina, Ag. Rhynchonella inconatans, Hovs. 

Gouiomya parvuia, Ag. 
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These 7 species are found in the Astartian of the Jura, together 
with the following Lower-Kinieridge-Clay forms : — 

Strophodiis rf*tieulatu8, Ag. Astarte euprncorallina, D' Orb. 

Natica tnicrosco])ica, Conij. Terebratula Gesiieri, Et. 

Pleuromya Icllinu, Ag. Cidaris spinosa, Ag. 

Area rljomboidalis, Coufj. 

From these lists it will be seen that the Lowor-Kimeridge-Clay 
fauna is well represented in the Astartian of the Jura. As stated 
above, 15 Coraliian species also occur iu these beds, and some of 
them range up into the Ptcroceriaii ; but these fossils must bo re- 
garded rather as the dying-out of the Corallian fauna than as indi- 
cating any affinity’’ of the Astartian of the Jura with the Corallian of 
England. It must he remembered that the Astartian beds are 
formed principally of limestones, with but little argillaceous admix- 
ture, and the absence of the latter material would be favourable 
to the i)rolonged (existence of some portion of the Corallian fauna 
of the Inra; whilst in England the Corallian fauna for the most 
]>art disa])j)oared at the introduction of the gieat clayey ]>criod 
at the close of Corallian times. Admitting this to be the case, 
the Astartian must- he regarded as n’presenting ])art of our Lower 
Kimcridge Clay and Kimcridge rassage-beds. Blake makt^s the 
hods with (htrea ddiohlen Ac., at the base of th(‘ Lower Kimor- 
idge, the upjxa' limit of the Astartian in bhigland : but there 
appears to be some (wideiKu^ for including a larger ])orti(>n ot our 
JiOwer Kimcridge in th<‘ Astartian. Astarh fi^pracorfil/ina hashcQu 
found in the Jura only in tin- Astartian beds, and this fossil, or at 
least a foi’in whieli is very hard to dist-ingiiisli from it, o(a‘.urs 
fairly commonly' in tln^ Lowco* Kimcridge Clay ol‘ England, and has 
also been recorded tfom the Saiidsfoot (Itiy's and (irits (Suprncoral- 
line beds oi' lUako and IT udli'st.on). In (’ainl)ri(]g(‘s}iire t-lie following 
zones have been made out in tlie l.ow(‘r Kimcridge Clay (Sedgwick 
Essay for 1SS(>, JMS. ) ; — 

d. (lays crowtled witli Frogt/rn virgnld. 

Clays with iujuoa di.'t alU rnans. 


The fossil eh a raet eristic of zone no. 2 has not, as yet, b(?en 
found in this district above that horizon. Tf tlie range of Asiarie 
saju'cicoradina., which is charactenstie of the AstaTiian. ]>e ot‘ any 
value in indicating the liinim of the equivalents of tlu' beds in 
the two areas, the clays containing this fossil in Kjigland should 
certainly be included in the Astartian. The other J^ower-Kimeridge 
fossils which arc jircseut in the Astartian of the Jura also support 
this view. 

The fauna of the Astartian beds in the southern district of the 
Jura has much in common with that of the northern district, and a 
comparison of their fossils with that of the Lower Kimcridge of 
England points to much the same conclusion. 
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The Pterocerian fauna of the northern part- of the Jura contains 
181 species (Greppiu, op. cAt. p- 110) : 81 of these pass down to fhe 
Astartiaii, 14 also occur in the Virp^ulian, and 17 arc common to the 
Aatartian, Pterocerian, and Virgulian, and there are 0 species which 
have a somewhat wider range ; this leaves about 120 species peculiar 
to the Pterocerian. The l8l spocii^s include 81 which have been 
met with in England in the following bods respectively : — 


Lower Oolites 2 

Corallian 8 

Kimeridge Passage-beds and JiOwer Kiimnidge. . 14 

Portland Beds 8 

Panging from Coral Kag to Kimeridge Passage- 
beds 5 


Hanging from Up])er Calcareous Grit to Portland 
Beds 


The 14 Tvirmridge-Clay species iiielude (> whieli pass np from the 
Asiartian ; tlie following are the remaining S s])ecies : — 

rotundil us. *'rrijr«>nia nniricriilu. (ioldf. 

Neritoiisi* del [)1iinula. JXOrh, #Asl!i.rl«‘ ix'selina. Houfj. 

Pliolfulomya Mcuticusta, Sinf. (’ardium psoudoaxiuns, Thnrm. 

O.Mtix'a Bnoitrutaua, 'i'hnnii. 

The t wo species marked are also record(*d from the Virgulian. 
The commonest and most characteristic fossil of this 
oci'Otti) has not, as yet,, hecii tfmnd in England. Th(^ Ahboisbnry 
Ironstone has viclded a speci<‘s of Pterooeras ((1. J. («. S. vol. xxxiii. 
]». 274); this do]x3sit is, as already stated, included iii l)lak(fs Kim- 
ei'idge Passage-beds, and is too low in the series to ])e correlated 
with the Pt<'ro('erian. No true Pterocerian fauna is known toocemr 
in England, though, as Blake ]>oints out (ti. d. G. S. vol. xxxi. 
}>. 217)), “ sc‘veral of the less ])oculiar fossils of that grrmp are found 
a.ssociated witli Lo^^'c•r Kimeridge forms,’* a statement which fully 
agrees with tin* conclusions to he derived from tin* fossils (piotcd 
above. In the absence of a Pterocerian fauna in England, it is 
of course difficult to find their (i<|nivalents in this country ; whai 
evidence there is clearly ])oinls fo some portion of the Lower Kim- 
eridgo of England as btang the reproaeiitative of th(‘ Pterofterian 
of the Jura. Blake, in referring to the Pteiow^rian of the lean's 
basin, states that the stage is adopted solely in deference to its 
]>rohahl<; justification in the area wliere it wa.s first introduced, 
namely tlic Jura, and to its distinctness paheontologically when the 
fo:isils of any locality have been studied. Neither in the basin of 
Paris, nor in any other part yet studied, is it sufficiently distinct to 
be of much importance in the field” ((i. J- G.S. vol. xxxvii. p. o78). 
It has already been shown that in the Jura the Pterocerian fauna is 
very well marked, sind it would appear that it diminishes in impor- 
tance in a north-westerly direction, and disappears altogether before 
reaching England. 
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The Pterocerian fauna of the southern district of the Jura is 
poorer in species than that of the nortliern, since it numbers oidy 
species (Jaccard, op. cit. p. 17 of which occur in England (J) in 

the Corallian, 4 in the Lower Jvimoridge, 1 in Upj)er Kimeridge, and 
3 range from Corallian to Lower Kimeridge). Pj.vopyrn viryaJft^ is 
recordtjd from these beds, but apparently does not occur in any 
abundance. They may, however, represent a portion of the \ir- 
gulian of thfi northern district, which has not ])cen recognized as a 
distinct formation in the central Jura. 

(ireppin (oj). cit, p. 118) records 118 species from the Virgulian 
of the Jura Bernois, and this includes 21 British species, of which 
1 occurs ill the Lower Oolites, 0 in the Kimeridge Passage-beds 
and Ijowcr Kimeridge, 1 in the Upper Kimeridge, 3 in the Port- 
land Bods, wJiile 7 range from tho Corallian to the Lower Kimeridge, 
and 3 from the Corallian and Lower Kimeridge to the Portland 
beds. The Lower-Kimeridgo forms are : — 

Ammonites longispiniis, Sovk Astarte pesolina, Contj. 

Anatina parvula, M. Lima virgullna, Contj. 

Area sublata, D' Orb, Exogyra virgula, Desm. 

Four of these fossils are peculiar to the Virgulian of the Jura. 
Tho upper beds of the Lower Kimeridge Clay of Cambridgeshire are 
crowded witli Exoyyra viryttla (Sedgwick Essay for 1886, MS.), 
ill fact one hod is for the most part made up of the shells of this 
small oyster. Precisely the same thing occurs in these beds in the 
Jura, the only difference being that in the last-named locality tho 
matrix in which the fossils are imboddt^d is slighlly more calcareous 
than the zone in England. Aumioniics lonyispivus is associated 
with Kx. viiUfola in the upptT portion of llie Lower Kimeridge 
of CanibridgeshiiH'. Elsewliere in Ihigland /J.c. viryuhf has liecm 
commonly mot with in the Lon er Kimeridge, and extends into tho 
lower part of tho U])per Kiim* ridge ; it is, however, more character- 
istic of the former subdivision. The pahx'ontological evidence 
therefore jjoints to tho upper division of the Lower Kimeridge Clay 
of England as being Mie equivalent of the Virgulian of tlie Jura ; the 
latter sliould certainly be placed on tlie horizon of the viryula-hed at 
El}^ and probably also on that of tlie zone of Amm. u mu which 
underlies this. Blake correlates tho Virgulian of France with that 
portion of the Lower Kimeridge which overlies the zone of Ostrea 
delta idea &c. ; but \vc have seen reason to believe that a part of this 
is on the horizon of the Astartiaii of tlio Jura. 

The Portland ian of the Jura, although of considerable thickness, 
contains but a i^oor fauna. Jaccard (oy). cit. p. 187) records 47 spe- 
cies, and (jfre23j>iii (op. cit. 2 >. 123) 35 species from this stage ; deduct- 
ing 8 species common to both lists, this gives a total of 74 species 
from the two districts. Amongst these there are no less than 

* Oppel (ojp, cit. p. 751), apparently referring to the Pterocerian of the Bern 
district, mentiona the occurrence of a solitary specimen of Exogyra virgula fr< 
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16 species which have been met with in the Porthindian of 
England : — 


Ammonites gigas. Zief. | 

Gravesiamis. d'Orb. 

IMarcousiina, D'Orb. | 

- clegaus, Dc Lor, 

♦I’leuromyu telliiia, A(j. 

Pleotomya rugdsa, /m/w. 

Cardium dissiniile. Sow. 1 


Oyprina Brongniarti, Piet, 
laicina. portlandiea. Sow. 
Trigonia concenti-ica, Aff. 

gibbosa, Arj. 

Myt.ilus bolotn'ensis, Dc Lor. 
Pinna su])nijurensis, I)' Orit. 
IVetcn supraiuronsis, D'Orb. 
Perna Bouchardi, Opp. 


Also ranges down to the Corallian. 


The three first-named fossils in the list are quoted by Judd from 
the Portlandian of Bpeeton (Q. J". G. 8. vol. xxiv. p. 2'AS\ and the 
others are found in Blake’s list of fossils from the Portland Bocks 
of England (Q. J. G. 8. vol. xxxvi. p. 235). The above list clearly 
shows that the fauna of the Portlandian of the Jura is closely allied to 
that of the Portland rocks of England, and this is more especiallj’^ tho 
case with the Portland beds of Spec ton, as stated by Prof. Judd {op, 
i'it. p. 238 ). Neither in Grei)pin’s nor in Jaccard’s list of Portlandian 
fossils is there a single species characteristic of the E^[)per Kimeridge 
Claj^ of England, although it is highly probable that these beds are 
partly the representatives of the J’ortlandian. Wo have seen that 
the beds which underlie the Portlandian, namdy, tlie Virgulian, are 
probably represented by the upper portion of the Lower Kimeridge 
CUl 5 ^ If such be the case, thou the U])per Kimeridge nuist re]>ro- 
sent, in time at least, a part of the Portlandian of tlu^ Jura. lUakc 
correlates the Portlandian of the Jhiris Basin with tho Iq)])er 
Kimeridge and Portland bods of England. Waagen and Renevier 
do the same for the Portlandian of the Jura, a view wliich, from 
palmontological and stratigraphical considenitions, ai)pears to bo 
.correct. 

The Purbeckian of the Jura has, as already stated, })een fully 
described by Jaccard and De Loriol (Soc. Phys. et d’Histoire Nat. do 
Geneve, vol. xiii.) and also by "Maillard (INIem. Soc. Pal. Snisst^, 
vols. xi. & xii.). From palaeontological considerations, Jticcard and 
T)e Loriol regard the Purbeckian of the Jura as the equivalent of the 
I'urbeck beds of Ihigland, of which it rej)resents the JMiddle and 
Lower divisions {oj). cit. p. 04). IVJailhird arrives at exactly the 
same conclusion {op, cit. vol. xi. p. 133). He states that 10 of tho 
Purbeckian fossils occur in England in the following beds : — 

Throe are exclusiv ely Woalden : — 

Lioplax inflata, Sondh. Unio Bubtruiicatua, Sow. 

I’sammobia tellinoides, Sow. 


Three species are found in the Wcalden and Pur beck : — 


% 


Ct)rbula alata, Sow. 
Cyrena aiigidata, 

Q.J.G.S. No. 170. 


Cj rcna media, Sow. 
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Ten species occur in the Purbeck 

Oypris purbcckenais, Forbes. 

Phyaa Krialowi, Forbes. 

wealflion.Hift, Mail lard. 

X/imritra Forbes. 

Hiihanprulttta, Sa/ndb. 
Vaivata Lelicoidfs, Forbes. 


Hy<lr«>bia Ohopardi, Sandh. 
Corbulu (luristononsis, Maillard, 

K<jrU?sii, J)e Lor. 

Prol ocardia purUa-kenHis, Mail- 
lard. 


He further ridds that the fauna of the U])pfT Ijrackish beds is 
found exclusively in the upper ]»art of the Mifldle rur])eeks of 
Hngland. Maillard i^ojt. cit. p. gives the folbnving table of 


correlations : — 



Jci{A. 


j\Nni,T;TEi£i:r, 

C/OiicbcH Sanriiul rcR siipuriiiuros. 

! ^ 

>.'jve;iux ii fossilcR Saumatres. 

Couches nyiiij)li('cmjc«. 

1 ^ 

• •n 

Fauiu'H princij)alcmcnt deau 

lldUOO. 


1* 


Mnrncs b. gypsc. 


Dirt Ibds. 



i>r J^irbcck: Gypsc* a Uurbstono 


J^olotuio Bar<‘liaroid<' li Corbulu ia- 
Jle.ra et C/rrena ruifosu. 


I'urt laiulicn a Ct/rcna mt/osa. 


The paheontologieal evidence is undoubtedly in favour of the cor- . 
relation above mentioned. If s{>, then tbe repnvst'utatives of our 
Upper Ihirbeeks must be soujrht for in the Vatangian of the Jura ; 
the hitter, however, is a marine dejaisit. and ihe former freshwater, 
so that in th<' absence of fossil evidence the correlation must be 
made ])urely on stratigTajdiical grounds. 

In the sub-Weableii boring it was shown that the lower portion 
of the Purbcck Peels contained a quuntity of gypsum, which a])pear8 
to be somewhat similar in character to tliat of the lower part of the 
Purbeckian of the Jura. If our correlation be correct, it is rather a 
Tcmarkable coiniddence, that the same ph^ sical conditions prevailed 
during a portion of this piaaod at such widely separated localities. 

In the subjoined table an attemp»t is made to summarize the 
correlations arrived at in this part of the paper. It would appear, 
in some cases at least, that the changes in the physictil conditions 
which caused the termination of one stage and the commencement 
of the succeeding one did not take place synchronously in England 
and in the Jura, and on this account the faunas, as it were, some- 
times overlap. Hence the difficulty of exactly defining the equi- 
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valeiits of the stages in such wideh" separated areas, and the lines 
drawn in the table can, in some cases, only be regarded as approxi- 
mately correct. 

Table of Correlations of the Upper Jurassic liochs of the Swiss Jura 
and UiufhuuL 

ENGLAND. j | SWISS JURA. 

/ riH>rr. J VfUan^irn. 


Lowr.n 

Ki.vjajjiMiK. 


1 

f riHirr. 1 

rUBIlKCK.X 

j Middh*. j 

i Low*‘r. 1 

Portland sO 


.. K;t 

nd.&(‘. 

Kijiii 

F'nd;*i- C]ny. 

t ClnvH with . 

K.t offyra i'i rt/K 'it . 

J " ■ 

. J inmottift'x tilii viiinis. 

I^Clays with , 

Asfttrfe *-u})riiii>t'it/ti}iu. 
()t>(rt‘ii ileltoiJrri . 

K inu'ridpi' 

PuHsn^i’-ln-ds. 


t'oi’ul Ra;;. 

Conilliiic Odlite. 
iT.LlAX. .... 


Middh' ( aJi-un- 

him Grit. ; 

Hunihli'ton Ool 

tc. 

Lo«*'r t’rtlfarf’o 

IN (irit. 

^('In vH w illi roril 

i/i Animonitfti. 

,, „ or/iu 

ft AniiiJondi M. 

, K(-lh)v>.iy llo<;k. 


CcirnbraHh. 


. A'iriiulicu. 

I I’tiTi'fi rioi 


I ( Vditlic Corallicnuc. 
j Ti'rraiii ^ cli.aiUcn hili(‘(>ux. 


j Pholadon 

Urn.1 


> OXFOJtDlKN. 

Siionf'itii* 

11. i 

r.<‘ flT MOl 

iH*0.vfordii‘n. '1 

Zoth* of 

1 

.'J/HMi. niacroce-' 1 

jihiilim. 

1 


[JsoTE, A])nl — Tlio fossils from the Lower (Irecnaand of 
Vpware, which liuve Ix’eri referred to the genus Nerlnaa^ include 
two species figured by ^Ir. W. Keeping (SedgAvit k Lssay for 1871^ 
pi. iii. figs. 7 & 8) and some undoubtedly derived forms (op. rit. 
p. 4o). Since the (juestion of the occurrence of Aerinrra in tho 
Lower Greensand of Lritain was raised, the two alKwe-ineritioned 
figured specimens have been sliced. The interior of the.st; shells is 
filled w’ith the deposit in which they w'cre found ; and thi.«, together 
with their mode of preservation, clearly prove.s them to be of Lower 
Greensand age. 


CoRAixicy. ^ C'alloviev. 
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Tlic external form of the two fijj^ured sifK^cios is not unlike that of 
some Nerlnrnm ; hut on oxaminin" the inside of the whorls and the 
columella, the spiral thickenings or folds, so characteristic of the 
genus Nerinna^ are not seen, nor is there any thing to indicate them 
in either Hp^^cilne^ exc<^pt the “ two broad faint grooves seen in 
places uj>on the inside cast/’ mentioned by Mr. Keei>ing (o/>. cit, 
]). bd) MS occurring in N. tumkht. faint grooves are un- 

doubtcjdly dne lo a sligljt variation in t he I hiekness of I lie shell, but 
are tot, ally difliu-ent from the sjmihI thickenings of N>rln't'(i.. 

The sjxadinens havn been snhinitt f*d to Mr. Hudloslon, and he is of 
opinion that sp. (op. cit. fig. 7 ), i'< an un(loii))ted CV ; 

and that A'. 1nniid<t. K(‘(‘]»ing, belongs to the t’erithiadie rather Uian 
to th<^ Xerina'idie. 

Th(^ other «]>(•< i mens, being derivatives, may have come from the 
underlying Coraliian. | 


JliserssioN, 

Mr. KTJiKKinoi; said it was diflicult to criticize tliis jiaper until 
it M]»]«'ared in ]ulnt. It dealt with a mass of detail, and ^Ir. 
Jtoherts had had ]»eculiarly favouralile o]>])f>rtuniti(‘s for W(jrking out 
tluMjiK'stiou both in Switzerland and in (.’amluidgt*. d'he work must 
h(' eomparcal with that done by Mr. Iludle.stoii and Mr. Ulake. d’h(! 
speaker t hought that tin' I’teroeeriaii was represiuited at Tort laud ; 
liut tho J*orlland and I'Cimeridge luals ot Kngland weri* jiecnliar, 
and could not he exactly cornlatcil alu'oad. 

^Ir. II riH.r.sro.N agreed with Mr. Ihheridg<‘ as to the advantages 
liiuh'r whicli Mr. Itohi'rts laid studied the »Iiirassic reeks. Mr. 
Itoherts hiifl lat<'ly umlertak<'n a Y<ry dilHcult task, the ('xamination 
of the.lurassie hials near (’amhri<lg(‘, jhkI liad now entered on an 
even mor<‘ diflicult iiujuirv. It was not vi rv easy to find a classifi- 
cation that would til all countries. Thci Oxfordian and (hillovian 
were comparatively simjde, on account of their f(»s.'<ils hi ing widtdy 
distributed, and, t(» S(mi<' t*xtenl,tlie (Vuallian was not di then It to 
trace, tluuigh there was ;i diflii ulty about the zone (d Cidtiris Jlio'i- 
ifcmma. The higher Oolites were more diflicult to correlate. Thus 
^\>rin<r(t is xvaiiting uboM‘ the Oorailian in Taigland (cxcej)t a re- 
]>orted t>ccurreuet' in the Neoc.oinian ), hut it is said to abound in 
Kimeridgiiin and Tortlandiaii on the conlimuit. TndouhtodI}’ our 
Xiineridgian is abnormal. d’ho feet of Tpper Kimeridgc 

in Kimeridgc Tay would ho <dassed as J\>rt landiaii on the conti- 
nent, and lilake propos<*d to distinguish even low er beds as IJoloniaii. 
The Ammonites ufTorded some clue to the relations of the beds. I'he 
a])plication of the term Tortlandiaii to beds rejwesenting true Kim- 
tM'idgo was ohjoetioiiahle. lie was sur]>rised to hoar Mr. Ktlio- 
ridge say that represmitatives of Ptcroeerian beds occurred at 
Portland. So far as Mr. Plake and ho had been able to ascertain, 
no such roprosentativos could be detoot ed. 

Prof. llruiiEs said that the so-called Koocomiaii of Upware rested 
on Coral Hag, and the fossils might have boon derived. He called 
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attention to the important (lifferoTices between the limits of the 
stages in .England and those bearing the same name in Switzerland. 

Mr. lloaEUTS, in reply, said that Ci<faris ^or 'Kjemma was found 
ahnndantly in the ‘ Terrain a Chailles siliceux/ Neriutra he had found 
in Astartian and Ptorocerian. The Portlandian of the Jura appeared 
to be a single grouj). 

Mr. Ivrtiinii 1)0 1 said there were s])efimoiis, apparently, oi PU roccrus 
oceajit from Porlland in the liritisli Museum. 
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22. On the Leaf-beds and Gravels of Ardtun, Carsatg, <^c.^ in 
Mull, Jiy J. Starkie Gardner, Esq., F.Ci.S. With Notes by 
Grenville A. J. Cole, Esq., E.G.S. (Read January 12, 1887.) 
fpLATKb XHI.-XVJ.] 

The Ardtun Icaf-bods liavo once before formed thf* snbj<3ct of a com- 
munioation to tbis Society*. Its author was the Duke of Arj^yll, 
and its intorcvst exeeptifinal, as it once for all fixed the asi^e of tho 
f»:roat Trap formation ol' tho Inner Hebrides ; and i::^‘olopsts learned 
that, even since a jieriod so recent astiie I'erliary, beds of most stub- 
born rtx-k, exccHslirif^ lOiiO feet in thickness, liad ])eeu denuded and 
abraded until, over cxten.sive areas, little more than the merest 
vestiges of tluuu |•cm^lined. I’he value of this discovery to the ideolo- 
gist Can hardly he overestimaiisl, for the data then furnished ma- 
terially assisted to determine the age of the Traps stretching from 
Antrim to Greenland. 

Tlie fcjssil jilants, to wliieh so mueh im])orlanco attached, were 
hrieily descrihird in this jiaper hy I'hlward Eorhes, and all the most 
characteristie forms wt'rc figured. 1! e inclined to tin* idea that they 
might he (»f Mioeeno ag<‘, hut <lid not commit himself detinileiy; 
while tht! Duke of Argyll,eveu thougli author t>f the paper, refrained 
from expressing any opiui<ai. rrof. Ueer, ho\v(>vei-, who Mas then 
deseriliing tlu‘ Mioi'ene flora of iKningen, pronounced them to be 
Miocene; and t In* m (I ght of his authority 1ms bei*n siuh, that no 
serious attempt has ever been made to reexamine tho eviilenco on 
■whiidi his opinion Mas based. 'fhis ruling was extended to the 
fossil ]dant-beds of (iretmland, with the result that a vast series of 
physii^al changes, 'which extianled over the entirt* I'ertiary period, 
have heen (!row<le<l into u singh' stage, tin* Mimi'iic. It is ;k"> years 
ninee tlu* Ardtun flora Mas tle.scrihed, when the stmly of fossil ]>lants 
was so far in its infaney tlmt the oecurnuiec of Dieotyledons in (.Ce- 
taceous Inals was unsuspect t‘d, and even ])lants of Etx-cm* age Mere 
very iin})C‘rl ect ly knoNvn. in the concluding ]>art of this }m])t*r evi- 
dence Mull he brought forM urd t«) shoM^ that it should actually bo 
jdaeed very hov (h»Mn in the l•'o(‘e^e. 

The Arvittin ])e<ls are situated in Mull, long, (f' i;V-~i r W., and 
hit. i.><> 2tf~21' N., in tin* proiuont«»ry of Ardtun, belMet'n Jjocli na 
Li'ithaieh find Locli Seridain. The c:irlier observatiotjs are reconled 
hy the Duke of Argyll, ami, siins* IS.'il, the beds and their 1‘ossils 
have heen eontinually n’ferred to, ]);irticiihirly in text-hooks on geo- 
logy and gtiide.s to flie \\\ stern Dh-j, ; but the spot itself seems to 
have been little visited, and nothing has been added to the Dukes 
descript i(»na. Much additional light has. hoMever, been throMii on 
the Tra})-formation g(-iierally by the works of Erofessors Geikie aud 
Judd, and Dr. James (ieikie f. 

* (ba\rt. Journ, Geol, S«k*. v^l. vii. p, SU. 

t 1*1-01. (Joikic. Quurt. ,louru. Gcol. vol. xx'ii. p. *270, ‘Nature/ Nov. 4, 
1880, and t’U*wliero; Prof. .ludd. * 011 the Am-ient Volcanoes of the High- 
lands, and the lit'lution of their Products t » the Mesozoic Strata/' Quart. Joura. 
Geol. SiK*,. vol. XXX. {>. 22(), and thcStratsiof the IVestorn C’oastand Islands 
of Scotland/’ Quart. Journ. Geol. Soe. vol. xxxiv. p. (HVU. Dr. Jauica Geikie, 



AND GRAVELS OR ARDTTO, ETC,, IE MULL. 


271 



“On the Geology of tlie Fier.ie Irtluntlfl,” Trans. Royal Soo. iMliiib. vol. xxx., 
lias also dealt with ti iiMn; Ju>rtlierly evU-iision of the smne J’onnat ion. Other 
equally important works, bc-aring^ more or less direetly upon the Huhjwit, are 
those on the Antrim Rasalts. by Air. W. JT. Raily, in the Uriti.sl» Association 
Reports, and our Qiiartorly Journal ; on the Traps, ami their bissils, of 
Iceland and Greenland, by Ileer, Nathorst, and Stporta; and oji the boda 
with Kiniilar floras in !North America, described by IJawsou, Lesquereux, and 
iXewborry. 
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MK. J. 8. GABBITEB OX THE LEAF-BEDS 


Wo propose to describe the more important outcrop first, then 
those on the coasts of Carsaig Jind Burgh. 

The sedimentarj* rocks at Ardtun, of wliich the leaf-beds fonn a part, 
appear between basalts Jilong the seaward face of th(* headland for a 
distance of somewdmt over a mile, and their preservation is (»]>Tioiisly 
due t-o the circnnistaiice that tljey have been orilirel}^ sealed up by 
great overtiows of tra]) (see fig. 1 ). ^J'bey dip under the sea on the 
wx'st or Loeh-na-Taithaicdi side, as well trs to the eastward, hut it is 
prohalde that t}»e widtli of tlie; headland corrosjmnds approx im a Udy 
with th(dr original limits ; for though the }U*o])er liori/.on reap])ears 
again in the iu‘xt headland, half a mile distant, no trace wliatever 
of them is visi])le tluTe,. Patches of pisolitic iron and hole are seen 
bei'(^ and then; among llie basjilts along the shore u]> T.och Scridain, 
but on higher horizons. They rest upon a mass of basalt about 
80 feet thick, tin* n{»])cr half of w'hich is amorphous and vesicular, 
while the base (exhibits the most beautifully forme d aud,for tlu' most 
]»art, sh'nder columns. Tln^se are, in plac(‘s, enrved in every direction, 
evtai lying almost ]ia?'all(d to t he iK'dding and closely resemble 
tlu)se of t]i(‘ “clam-shell " cave at Staffa, about st'vt'n miles distant. 
This coluinmir t lap is riddled with caves, which, though far fi*om 
rivalli?ig FingalV C'uve, are still of groat beauty and ititenvst, the 
resemblance between tlu'ir masses Ixdng so coni]>lete as to rcanicu’ it 
prohahlc, as already intc'rred by the Duke* of ArgsU, that, they 
actually formed ])art of a single llow. Above the leaf-beds and 
gi'av(‘l.s is a sijeoml mass of lra]>, some r)0 feet tliick. and j’lidely 
colinunar in strueture, forming a vertical clitf. Tins tlow has a])pa- 
rently bocui comjdetely (h*nnd(‘d off Staffa, hut is rt'presented at 
Burgh Head as deserihe<l further on. Ah<>vt‘ this, again, on the crest 
of the headland, are fragments of a third flow of a similar kitid, 
neitlnu' of them heiiig scoriaceous or amygdaloidal, »)r sliowiijg any 
tendi-m v to de<‘ompose. 'i'his so far simple sli’atitication of tliehead 
is complicated by the intrusitm of a sheet of vtuv deusitrap (fig. I, o), 
W’hiedi ]>eneirntes it at tlu' sea-level <»ii its laist side, and after forming 
extensive but det'jdy indiaitod liorizontal plateaux a little above tlic 
sea-level, forces a devious c<>nrs<‘ upward through the columnar and 
other basalts and tlu' se<limentary beds, and becomes, owing to the 
extensive denudation it has been subjected to. exposed at the surface 
near the front of the head. It dips again, however, almost imme- 
diately, ]»assing in a sinuous <*ourse downward into tlie lower basalt, 
and, after forming a few small j)romontories, finally di3a])])ears under 
the sea at the xvesterii side of the Inaid. It is just possilde, but not 
]>rol)al>U', that the ravine in wliich tlio loaf-beds are exposed may bo 
the site of a feeder of this suhterranoan How. The intrusive sheet 
is of perfoetly uniform thiekness, and shows a starch-like weather- 
ing on its exposed face. The lines se])arating it from the basalts 
into which it is intruded are ]>orfeetIy sharp, and its clean and resist- 
less, but devious, ]>assage alike through every <]uality of rock rcscin- 

• Maccallocii. • Western Isles of Scotland,’ vol. i. p, 49G, mentions the 
occurrence of col lun ns parallel to tlie bedding, and t he rule that eoluiunar struc- 
ture is develo^xHl at right angles to it does not apply in these cases. 
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bles nolhinj? so much as that of an electric discharjrc through the 
air. It looks as if it had been injected with immense force while 
molten, without reaching the surface ; and tlio sudden intrusion of 
such a sheet may w ell have been accomj)aiiied by a violent earthquake, 
Examples of these intrusive sheets arc hy no means uncommon in 
the traps, and have ]>een observed more particularly by Maceullooh 
and (Jeikie. They are readily distinguished by their compact tex- 
ture and starcli-like weathering amidst the ])il(^d up subaeriaJ Hows. 
From the summit of the liead the remains of appai’eiitly the same 
sheets of perfectly horizontal traps can he seen stretching over 
hundreds of s(juarc miles. It is well kiiowni that those are htdieved 
to be ])art of a Tra inform at ion that was once continuous from Antrim, 
through thc‘ Inmu' Jlebrid<‘s, to the J'aides, Iceland, and even (Iroen- 
land The includ(*d ])laiits show that the tlow s wer(‘ ap])roximatcly 
synchronous, speaking geologieidly, over the art‘a. j»nd they arct^mi- 
nenily Tej)resciitativ(' of the ty])C of massive enqdion so graphically 
descrila'd by Prof, (icikief.wliosays: — ‘•‘This associat ion of thin nearly 
level sheets of basalt, ])iled over ouch other to a depth of sometimes 
300(> feet, with lava-tilled fissures sometimes :jO(r miles distant from 
them, ])r(!sented difficulties which, in the light oi‘ nnxlern volcanic 
aet i(jn, remained insoluble. The w'onderfully pcTsisleiit com so and 
horizontality of the basalts, with tlu^ absenct* t>r paucity of int('rst-ra- 
tified tuffs, and th(‘ W'unt of any satisfaetory cvidimca* of tli(‘ thicken- 
ing and njrriso of tin* basalts towards what niiglit Ix! supjxjsed to ho 
the vents of oruptitui, wa‘ro jirohlems which 1 again and again 
attempted to solve. Nor, so long as ilie incubus of ‘ cones and 
craters ' lies upon one's mind, does the (]uestion admit of an answer.'^ 
n'lic JU'tion of the 'i'raps on the oltb-r stxliment ary strata, show’n by 
Alacculloch in his sections of the i:oast f)f Trf)tt ernish, in Skye, ap- 
pears inconsistenr w illi tlu^ view' tliat th(‘V wore ])oiii'cd out as lavas 
fi'om c'levat(xl cones. He illustrates a <hk(‘ which lie sjieaks of as a 
mile wid(‘, giving otV intrusive veins {‘ Western Isles,' vol. iii. jd. 17), 
and whieh must have welled through long- ]>arallel fissurc^s in imnuinso 
gushes, whi('h apjiear to have llowed from seaward tow'ards the 
existing shore-lines, which in some cases still coincide witli their 
boundaries. 

Prestwieh ^ advocates that the term Traj) should be retained for 
flow's from fissure-eruptions, and J.ava for tliose w'hi(;li have eKcapc‘d 
from craters. W hether, how'cvcr, the ])res< iit limits <d’ the forma- 
tion in this direction, ('ven .'qqiroxiinately, eoincido with the original 
ones is a fpie.sli(»ii not easy (o answer, in face of the colossal denuda- 
tion to which th(‘y have been subjected. 'J'lu? lraj)s at Purgh and 
Carsaig arc over 1()(M) feet in thickiuiss, and are so horizontal that 
they could scarcely have thinned so considerably within so shoit a 
distance as Ardiun, wdiere now' no more than 1 AO fetd. nunains. The 
gneiss of T.och na Jiithaieh may, how'cver, ho part of an old ridge 
against which they abutted. Tlieir limits tow'ards lien more are far 

Gf'ikio, Quart. Joum. Oeol. Soc. vol. xxvii. p, 27H. 
t ‘ Noturc,’ November 4, I88<). 
f Freest wicli, ‘ Geology/ vol. i. p. 380. 
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less defined, and all attempts have failed to trace their connexion 
with the older, and porhajjs also newer, flows of lava that proceeded 
from that region. They show no decided dip either towards or away 
from it ; and it is difficult to say where the terraced structure of the 
plateau Traps definitely eiuhs. 'I’hat even then there was an ele- 
vated tract not far off, ])ossibly the lien more rttgion, whieli had been 
the scene of acid eruptions, is indicated by the comiK>sition of the 
Ardtun gravels, as described by Mr. Cole. But the crest of Benin ore 
itself appears to mo to be a fragment of fln^ wall of a crater which 
iriH}" liave occu])ied the site of Loch Beg, from which later lavas have 
flowed^. Jt is an open qu<*stioii whether the tra])s over actually 
extend(^d over tho central ]»art, or far beyond their ])n\sent limits in 
Mull, or over other disti icts where there ai <? now no traces of them. 
Contemporary dykes hav<^, it is true, been traced by (Itakie, Jack, 
and others right across Scotland and even England, l>ut tlu‘.se were 
probably subordinate to the main fissures of eruption, wdiicdi must 
have been parallel to the long axis of the formation, and their 
lavas ne(‘d not uccessarily have r<*ached the surface. 

To ret urn to Ardtun. AVe ha vo already seen the horizontnl extent 
of the sedimeutnry seiies, and pointed out its iiositioii relatively to tho 
Traps which have ('iiclosed it. it consists, where 1hicki*s1, towards 
the centre of tlui ln*adland, of shaly clays and limestones, and eoaise 
indurated gravids and sands, which thin rapidly to tin' west and ])as3 
beneath the sea, in not greatly diminished thickiu's.s, to tho ea^^t. 
The section given (^lig, 1) shows them to b<^ thickest near a ravine, and 
again some distance e{ist ward ; btitin the latti'r locality tlie laminated 
leaf-beds honeatii the gravel, if pn^sont, are ent irc'ly eoncealed by talus. 
The fossils have been obtained from the sides of the ravine, n'lidered 
famous by tin? pa])er on them already referred tof, and more recently 
from a sjiot a little to the east. 

<Jn the west side of this ravine (fig. 2) we .see, first, a bod of l>uff or 
cream-coloured, soft, larniuattal saiKlstoue (/Olt, the edges of which are 
sudderdy turutxl iiji ami plastered in oiu' plact' against the overlying 
beds, suggesting that the raviiu' must be duo to the uiiward jiassage 
of a dyke which has sineo deeonii>osed and weatlu'red away — a vit'W 
suiiported by tlu' grav('l walls on both siiles of tho ravine, which have 
the apjiearance of having been subjected to a more intense heat than 
elsewhere. There are also some inclmled fragments of a ]uile drnb- 
coloured stone on the opposite side (fig. B). On tho east side of 
the ravine I undertook, by aid of a (Jovernnu*nt grant from the Koyal 
Society, some rather extensive (juarrying ojierations, and tho follow- 
ing beds were seen : — At the base, on the aiiiorjihous Trap (/), is car- 
bonaeoouH rubble filling in its rugged surface, which may bo set down 
at 1 foot. Above this is 2 feet of bedded river-sand Q/), now indurated, 

* The structure of the peak resembles that of the peaks foriuhig the walls 
of the Oraud Ournil in Ma<loira, though denuded to an infinitely greater 
extent. 

t Argyll, Quart. Joum. Geol. St»c. vol. vii. p. 8\k 

^ Tills ocunipicfi the position of ibo third loai-bed of the Duke. 
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and then a bed of black crumbly 8hale(/),2 feet 4 inches thick, crowded 
with leaves*. The lowest part of this is greatly squeezed, and desti- 
tute of recognizable fossil leaves f, but a few succeeding layers con- 
tain innumerable specimens of a simple ovate leaf, the liliammtes of 
Kdward Forbes :J:> then some squeezed layers with decomposed leaves 
and Efjuhetvm, and, lastly, a layer made up almost entirely of the 
large leaves of Forbes. Above this, but separated by a j)er- 

fectly sharp piano, is a bed (>), one foot thick, of very dark, intensely 
indurated whinstone or rag, originally fetid mud, in which immense 
leaves of Plrtt^niies arc ndlod and folded togetliei* with broken and 
mostly yary macerated fronds of Onoclm {FilicHes) luhrhJica^ Forbes, 
broken stems of ICquiselnm,, and occasional tAvigs of Ta-rus {Taxiti^s) 
Vainphellii^ Forbes. Magnificent specimens from this layer were 
obtained and are now in the llritish Museum, one, not far sliort of 
a square yard in surface, exhibiting specimens of all these except 
the last. Another jdano separates it from a similar bed, but with 
few fossils, Avhich iiasses gruduallj* ujiward into the overh ing gravel 
(d), at this point only 7 feet thick ; this in turn passes into some 
fissile sand (r), becoming softer at the top and, in all, 8 feet thick. 
The Duke’s first leaf-bed is at this Inuizon, thongli 1 faih'd to find it 
foBsilifi'rons. Tln^ jiarting between this and the trap above is carbo- 
naceous rubble, similar to that at the base. 

The gravel-bed is of the greatest interest, and its composition has 
been most kindly investigated by Mr. (irenville Cole, who himself 
collected the different specimeni he describes. 


Note on the Gravel of Ar din a, ]ly Gkunvti.le A. J, Cole, Esq., 

F.C.S. 


The main constituents of the gravel-beds are flints and lava- 
fragments, the pro])orti<)ns in which they occur varying considerably 
in diffen'nt layers. Tlie larger massovS are well rolled, the smaller 
more so than would appear on fractured surfaces : and the features 
of the bods are (juito distinct fiom those of a tuff or a volcanic 
breccia. The flints, dos])ite their (rharacteristicalh' white and altered 
condition, retain abundant truces of organisms and of the chalk from 
which they have been derived. It may be fairly (iuestioned, indeed, 
whether these hard white fragmtuits are not in maj»y instances 
coni}>tirablo to the silicified chalk of the area rather than to the flints 
developed by concretion in that chalk.; and whether they were not 

* Tho soeond leaf-bed of tiie Duioof A^p^l], the third btung imrepreseuted on 
this side of tlie ravine. All these hno-s proved, however, to be so crumbling 
as scarcely to rej>ay working, anti large cpianiities are left exposed in tsifu. 

t A very similar sluvle. with some of the same plants, wtis discovered in the 
Isle of Canna by Vrot*. J. A. Harvie-llrown, who informs me that it occurs in a 
cave on the north side of Canna. close to the shore. lie sitys; — “ Tho-ve we ob- 
tained Were at the exposed sidetif the slmU»-seam which projected Irom the rock 
close to the floor of the cave. 1 think a fisherman, Mr. Isaac, if still at Canna, 
could point out the place.” 

+ Quart, ilourn. wol. Soe. vol. rii. p. 103, pi. i Berchemia of Hear. 
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of a more calcareous nature when first included in the gravels In 
section they afford a rich harvest of organic remains, including, in 
one of the instances examined, glauconitic casts sufficiently Humo- 
rous to give a distinct greenish tinge to the cut surface of the 
specimen. 

Pebbles of grey quartzite are also found, and the matrix of the 
gravel is composed of quartz- and felspar-sand, comminuted parti- 
cles of lava, and occasional glauconitic grains. Though the crystal- 
line granules may have been largely derived from the old gneissic 
floor of the district, yet in some cases they retain intrusions of glassy 
matter which indicate their original occurrence as j)orphyritic crys- 
tals in dykes or lava -flows. 

The pebbles of volcanic material might be expected t o exhibit 
many iiitcTcsting characters, such as are usiialh^ lost to us by wea- 
thering before a lava-stream becomes entombed among lat er accumu- 
lations i*. We find, in fact, rolled fragments of scoriaceous basalt- 
surfaces ; and the microscope reveals many other ]>rodiicts of rajud 
cooling, such as colourless pumice and particles of basic glass, the 
latter allowing fluidal structure ami crystallites in various stages 
of development. 

A largo number of the pebbles, whether grey- green, brown, or 
oven pink, are derived from pre-existing basaltic flows, wliicb have 
yielded specimens of their more comj)act, thongli not of their doleritie, 
portions. In one brown-pink example we liave, with a fresh mono- 
clinic pyroxene, olivine so readj'iu its decom])osition, and giving rise 
to such rich brown products, ns to suggest a biglily ferruginous 
variety. In another and greyer specimen the imitiix is largely 
glassy, the more crystallized portions being gathered into little flecks 
and patches visiblii to the naked eye. 

Hut the main interest rests with the examples, preserved thus 
locally, of rocks which Inive been lost to us throughout this district 
under the enormous outpourings of basalt. 

At llic first glance many of the Ardtun pi^bbles recalled, in a redder 
and altered form, the sanidine-lavas of Ischia or the 11 bine. Their 
microscopic examination fully bears out this view, whicli has 
confirmed hy further evidence. One specimen, seen in section, Ii m 
the familiar pale angites, the abundant porphyiitic fels])ar8, the 
fluidal glassy mjitrix that one associates with traebytie flows. The 
specific gravity proves to be only and the felspar, as determined 

carefully by Bzabd’s method, contains more potash and less soda than 
many accredited sanidines. 

Another more crystalline specimen consists of crowded felspars 

* Cf. Judd, Quart. Journ. Geol. Soc. vol. xxx. p. 22K. 

t Prof. .Tukea, in 18<)0, writes of a Bimilar but, far more ancient deposit: — 

** It had very much the aspect of one of the beds of Tolcanic breccia 

and conglomerate one so often sees about recent and active volcanoes; and it 
occurred to me that in these pebbles of vesicular trap we might liave preserved 
the only fragments of the more superficial parts of the flows of molten roatter." 
(*' Igneous Hocks of Arklow Head,” Journ. Geol. Soc. of Dublin, vol. viii. 

p. m.) 
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and a few small flakes of biotite. Its specific gravity is 2*50. The 
felspar gives, by Szabu^s method, the reactions of a soda-orthoclase, 
and the rock may be classed as fairly with the eanidophyres (or 
sanidine-felsites) as the preceding specimen with the trachytes. 
The occurrence of a lava of this composition makes one hopeful 
as to the future discovery of nepheline-bearing rocks in Mull. 

We may conclude, then, that during the deposition of the Ardtun 
gravels, when only the first of the basaltic outpourings had taken 
place, a num>)or of earlier flows must have been still available as 
BOurces of material. Tlie chalk-downs wliieh probably then existed, 
as evidcnc(‘d by tbo flints that form so large a i)ortion of certain 
•beds, wore tlioinsclvcjs overlain by the products of the central cones, 
the fragments worn from botli the aqueous and the igneous series 
becoming intermingled in the hill-side streams. 

a. c. 


l^xternally in the ravine this grav(d weathers to almost the colour 
of the Trap, and the bedding of the shingle is not ap])arent ; but the 
clean freshly blasted surfaces showed the flints altered to a pure 
white against the steely grey colour of tlx' matrix, which is here so 
hardened that even the very small polddes break across when it is 
fractured. 

Thopt^ gravels are c'afiily traceable for tbo next 1 20 or 1 30 yards 
across the bhiff to the west of tbo ravine, and the lc‘af-bed can bo 
followed for about half tbo distance, tlnnigb greatly concealed by 
grass. Hero tbeic is another ravine (fig. -1), wlu*ro the entire 
thieknops was reduced to 14 feet, the sands being distinctly bedded 
and laminated, and none of the jjobblcs in the graved much larger 
than a filbert. Another good exposure occurs a little further west, 

Fig. 4 . — Eopposnrc in Second Eavine^ Ardtxni Head, 



where the thickness appears to be reduced to 12 feet, and then the 
sedimentary rocks are almost wholly concealed by t^us and grass, 
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thoTigb their horizon can always be recognized. As they dip to- 
wards the sea the gravels again become coarser and are exposed, as 
pointed out to me by the Duke of Argyll, for short distances under 
the cliff of rudel}" columnar basalt ; but no leaves have been found 
here, and the series is obvious! 3 * thinning out. 

About 100 feet to the east of the principal ravine the leaf-beds are 
again well exposed in a path hollowed out by sheep (iig. 5), tlie sedi- 


Fig. 5 . — Section in face of cliff y Anltim Heady \00 feet east of the 

Jiavine, 



a. Ba/Milt. b. Gravel. c. Leaves. d. Gravel. 

mentary beds continuing to increase in thickness for another 150 foot, 
when we reach a spot where the Duke’s third leaf-bed is beautifully^ 
exposed, and where one of his sections was taken (fig. 0 }. The lowest 
bed is best worked on tlie nock of a small jutting headland. Under 
about 30 feet of gravel (c) we have the black crumbling* leaf-bed {d) 
exactly' as in the ravine*, but not the wbinstone ; then 7 feet of 
bedded sand (^), extremely induraO^d, with very small angular pieces 
of flint ; followed by 2 feet of partially indurated steel-grey clay" ( 7 ), 
which readily breaks up into rectangular parallelograms, stained 
almost like tortoise-shell at the partings. Faint impressions of large 
leaves are visible throughout this. Kext we have G inches of hard, 
somewhat laminated, carbonaceous sandstone ( 57 ), or rag, with impres- 
sions of leaves, the most perfect being Qinlctjo ; passing into 3 inches 
of the finest-grained, bluish limestone, as fine as that of K^olenbofoii, 
and with rare, but extremely* beautiful leaf-impressions. These are 
most difficult to find, and when found, to develop, owing to the 
conchoidal fracture of the matrix. Only* small leaves occur in it, 
by far the most abundant being Grewia crenulatUy Heer, and Alnite^ ? 

Forbes. This is followed by another foot of peculiar 

♦ It was quarried for the Duke at this spot, but owing to iU orumbliug 
nature, w'ith no great success. 
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steel-grey clay (h\ at the base of which the most interesting leaf-bed 
of all is met with,. This consists for an inch or two of layer upon 
layer of leaves in the most perfect preservation, and retaining 
almost the colour of the dead leaves themselves. One of the most 
striking, as well as most abundant, is GinJcf/o, of large size and 
purple colour. Still more conspicuous is the large Platanites hehrir- 
dictLSy li'orbes, one loaf exposed measuring full 15^ inches in length 


Fig. 0, — LeafA>ed and Gravels at Ardtun. (Scale about 30 feet 
to 1 inch.) 



a. Ooliimnar ImHalt , 40 fiM’t. 

b. Position of* flrwl U-n I -bo<l, ohycorotl by grnsH, nbout 2 

<?, CJrttvol, varying from about 2-* feet to u luaxiinum of nearly 40 feet. 

d, Black or lcaf-bt*d, 24 fcot. 

t. Gravel, ubout 7 feet. 

Grey Ola^', *2 fet't, 

ff. 6 inolies faiuinuted sandstone, M’ith Jl incheH of fine liine.stone witli leaves 
nt base. 

h. Clay, with leaves at base, 1 foot, 

1 . Cluneh, ’with rootlets, 7 inches. 

j. Amorplious basalt, becoming cohiumar at base, ubout 00 feet. 

and 10.^ in breadth. 3Juny other kinds of leaf appeared to be 
almost equally fine, and the characteristic dicotyledonous trees of 
this lociility possessed at that period relatively large foliage. In 
tho same bed were coniferous branches like the living Taxodium 
{^Glypiostrohiisy heterophyllum and Cephalotuxus, Unfortunately, 
every effort to remove and preserve these specimens has faded. 
There arc rush-like stems, from 1 to 3 inches in diameter towards the 
base, but the beds are almost destitute of monocotyledons, and no trace 
of Ferns or even of Eq aiseta has been seen in them. This lowest leaf- 
bed passes into a thin seam of coal in one direction, and rests upon 
6 to 9 inches of whitish, clunchy, and concretionary clay (t), with 
rootlets, and with softer clay filling in the rongh surface of the 
underlying basalt (j). 
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About 200 yards to the east the sedimentary beds are traversed by 
the descending intrusive basalt^ and are reduced to 13 feet in thick- 
ness with no coarse gravel ; and 200 feet beyond this they barely 
measure 4 feet 6 inches of fissile sandstone, with compact shale at the 
base, containing well-preserved examples of Equisetum Camphellii, 
Porbes. A quarter of a mile further east the gravels again thicken 
to over 20 feet, but the beds corresponding to the loaf-beds are not 
visible, and could not be rendered so without considerable labour. 
Their horizon soon after pusses under the sea-levcl, and on its re- 
appearance in the next headland, lludha Dubh, the rudely columnar 
basalt rests on the eroded and partly decomposed surface of the 
amorphous basalt, without the slightest trace of gravels or other 
aqueous deposit. Seai'ch still further up the loch has been equally 
vain. 

Inland, however, in a direction almost due south and south-east, 
the position of two seams of lignite is indicated on the sketch-map 
and section accompanying the Duke of Argyll’s paper, and he has 
quite recently caused an excavation to bo made near Bunessan, 
which gave a considerable thickness, without reaching bottom, of 
black shale and ayq^arently decomposed basalt 

Following up the Traps still further in the same direction across 
the Boss, we meet with a similar series of beds on the Carsaig coast, 
though with some important modifications. The sedimentary series 
is first visible at the Carsaig Arches, where it consists of from 10 to 
12 feet of indurated river-sand t* An upthrust has displaced and 
raised it almost to the crown of the western arch, but in the long 
arch it occupies its true position, with its base slightly below the sea- 
level. It rises eastward, and at the same time increases rapidly in 
thickness, and where next visible gives the following section (fig. 7). 

In this section we have apparently the same flow of rudely colum- 
nar basalt (f?), maintaining a thickness of about 25 feet ; then 7 or 
8 feet of indurated sandy mud (« ), X)a88ing into a sand ; and then a 
grit (/) composed entirely of angular jiioces of broken-down flints, 
wdib occasional boulders of rock and large flints at the base. This 
weathers dowm to a slope of 25^, and rests on a compact mass 9 feet 
6 inches thick {g), of almost unrolled flints of all sizes up to that of 
a quartern loaf, in a matrix apparently of broken-down Trap and 
occasional boulders of the same. Under the flints there is 2 feet of 
impure bedded sand with indistinct vegetable markings (h). An 
exposure a little nearer the Arches only differs in being of a slightly 
finer material, wdth a thin band of lignite at the base, 

♦ [This was taken for a fire-clay when the digmngs were commenced. After 
digesting v. ith acid a precipitate of alumina and ferric oxide remained, amoant' 
ing to 3(>*7fi per cent. Some aluminous silicates probably remained undecom- 
posed. Under the microscope it was seen to consist of various minered particles, 
some being clear and colourless felspar. The fiaky green mineral present in 
quantity, is an alteration-product, fibres of it penetrating other minerals. — O'. O.] 

t JCarl Compton (Trans. Geol. Soc. vol. v. rart 2, p. 373) mentions that the 
arch is 60 feet high, 150 feet long, and from w to GO feet wide, and of basalt, 
standing on green sand. There are illnstmtions on the accompanying plates 20 
and 21. Prof. Jndd had, of course, reoogoised the fluviatile origin of the Carsaig 
gravsis (Quart Joum. Geol. Soo. vol. xxz. p. 229). 

a. j.a.a Ko, i7o. 


V 



^ WMu , n. OH THIS 

At Boiiia distance east the bed of flints greatly incFeases, and 
forms a vertioal mass from 20 to 22 feet thicks composed exolustrely 
of partly rolled subangtilar flints of all sizes up to a diameter of about 
6 inches^ but mostly not larger than potatoes. They are smallest 
towards the top, and are capped by 2 or :3 feet of flint grit, or sand; 

Fig. 7. — i^eetion of lower part of Cliff at Malcolm^ s Pointy near 
Carsait/. (Scale about 50 feet to 1 inch.) 



a. Aiijygdttloidal Trap. y. Flint Conglomerate.. 

b. Den^e Traj), slightlj coluimiur. i 'h. Sand, with li^ite. 

c. Ghicial Bed. ^ i. Amorphous Trap, partly obscured 

d» !Rudely columnar Trap, 25 ft. tbick. ; by grass, &c. ; the Iasi half invi- 

Indurated Mud. ' sible and perhaps a different 

/. Orit. flow. 

while underneath is a conglomerate, 12 to 14 feet thick, of basalt with 
a few large and perfect flints and many angular flint'-flakes. The 
base of this series is 60 feet above bigh water at this point, and no 
traces whatever of it are seen in the oUffis further east. Nearly 100 
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fibet nboTO l^em, however, is a disturbed bed of black abide, 
resembliug that of Ardtun, from 1 to 2 feet thick, resting on thin 
laminated sand formed of angular quartz grains, which can be traced 
for a considerable distance, without, however, containing any plant- 
impressions. The beds rise very rapidly, and this shale is soon 310 
feet above the beach, whilst about a quarter of a mile further on the 
tog of the sandstone regarded as Cret/aoeous suddenly ap})ear8 
220 feet above high water, thus occupying the horizon at which we 
might have looked for a continuance of the flint gravels t. 

The headland of Burgh rivals the Inninioro of ( ^arsaig in grandeur 
of scenery, its cliffs oven surpassing the latter in height, and forming 
an almost vertical escarpment of Traps, which for some distance 
exceeds a thousand feet in depth. It presents the usual alternations 
of columnar and amorphous, araygdaloidal and rudely columnar 
flows, with intrusive sheets of dense Traps with starch-like jointing. 

At the base there a])poar8 to bo an extensive ash-bed, and 
directly over this columnar basalt, on the same horizon and probablj^' 
the same flow as that of Ardtun and Htaffa ; above this is a bed 
of dark, loamy, unfossiliferous sand, marking apparently the horizon 
of the leaf-beds f:. This is 3 or 4 feet thick, and includes clays, in 
places, with vegetable matter. Above the leaf-bod horizon is rudely 
columnar basalt as at Ardtun and (Jarsaig ; then amorphous trap 
with a few included flints and other stones : and then a massive 
flow of Trap, over 70 feet in dex)th. Above this, again, are several 
hundred feet of Traps, without any ash-beds, which latter do not 

* [Composed of quartz grjiiiis, for the hiokI. j)urt very angular. — O. C.] 

f In tl)p nbsenw of proper horizoninl ineasureineiits, wliicli 1 did not at the time 
realize were so important, it is impossible to ascertain tijc true dip; but 
assuming the extreme points mentioned to be half a mile apart, roughly 
plotted, it appears not much less than or The beds, whether viewed nv^in 
the sea or the shore, do not indicsite tf) the eye such a dip, and the horizontal 
terracing of the cliff on the landward side equally negatives it,. If the dip 
does exist, the base of the flint gravels would bt' nearly lot) feet aV>ove the toj> 
of the Cretaceous Sandstone. A much more accurate description of the Carsjiig 
section is needed, for it ulxiunds in interest. Among the more striking objeete 
in the volcanic rocks is a layer or, more j^robably, the fllling-in of a wide 
fissure, consisting of great angular blocks of quartz and quartzit.e, the larger of 
which must weigh at least a ton, and perhaps even several tons. Mr. Cole and I 
first saw it on the se^i- level some distance) west of the Arches, whore it looked like 
an Archsean conglomerat,e ; but as it reappears high up the cliffs to the east, and 
«in there be seen filling crevices in the basalt, it is clearly of later date. A small 
dyke not far distant has exactly the appearaiifre of bedded sandstone. Behind 
^inn an Aoinidh, at about. 7tK.> feet elevation, there is a considerable quantity 
of lignite, and a hundred feet lower, graphite is said to occur in the Iwd of a 
stream, though when I visited the spot, proj)eriy guided, we tailed to find any. 

X A large trunk of a coniferous tree, r» feet in diameter, perha))8 Podocarpus^ 
has been enveloped, as it stood, in one of the flows of Trap to the heiglit of 4() feet. 
Its solidity and girth evidently enabled it to resist the fire, but it had decayed 
before the next passed over it, for its trunk is a hollow cjlindor filled with 
debris and lined with the charred wood. A limb of another, or perhaps the 
same, tree is in a fissure not far off. Maccullocb, who was certainly a most keen 
observer, did not overlook this tree, which lie described in 1819 in his ‘Western 
Isles of Scotland,’ vol. i. p. 368, pi. xxi. fig. 1. The trunk was thought to be in 
a vein of conglomerated fragments of Trop imbedded in a paste of the tamo. 
He had also ascertained the wood to be coniferons. 
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appear pntil an eleTation of nearly 1000 feet is reached, and then 
only in thin beds. A little to the north a thin seam of coal with 
some sand crops out at 260 feet above sea-level, which latter about 
corresponds with the base of the Traps at this point. The Wilderness 
commences somewhere hero, and within 200 or 300 yards is a singular 
outcrop of chalk rubble or remanie. chalk and flint, at an elevation of 
100 feet above the shore. The larger mass measures 19 feet 5 inc^keB 
across, and is 12 feet 9 inches high ; and the smaller one, a little to 
one side and slightly below the other, is 1 7 feet 8 inches along the 
base, and 8 feet 9 inches high. They are chiefly composed of 
nearly white, hrokcji-up flints, in a matrix of chalk, but disjwsed as 
in pudding-stone, without the least trace of bedding. There is 
nothing visible under this except iron-stained rubble and basalt 
talus. I have seen no other chalk on this part of the coast, and 
this is certainly not in situ^ hut as much a rodo])ositcd mass as the 
flint gravel of Carsaig. A little to the north of this we find the base 
of a cherty greensand in sitUy but its thickness Ls not ascertainable. 
Immediately beneath this is Lias, 10 feet thick, formed of alter- 
nating clay and limestone hands, tln^ latter with Lima and Pveten, 
Mr. Etheridge agrees with me in considering that this is a repre- 
sentative of tlie JiOwer laas. Under tin’s, again, is a bed of sand- 
stone with green grains, which the IxKlding shows to bt‘ of marine 
origin, though it is uiifossiliferons. Only a thicknf'ss of 15 feet is 
visible on ih<^ shore. Evcrytlnng is unfortunately obscured by talus 
for n little distance westward, but tb(* sands soon reappear w^ith 
pebbles in them, forming a conglomerate 2 >reei 8 ely similar to that of 
Gribim, except that the raatorials are fiiuT and more scattered. 

This is iTiteresting as showing that not only tlu‘ red conglomerates 
of Gribun and Inch Kennetb, invisible here, but also the similar 
conglomerate with green grains above t hoin, are of prc-Liassic age. 
This interiirottition, which is the more natural one, deprives Inch 
Kenneth of any trace of (■retaecous do])osits. Keturning to the 
Wilderness, the gneiss now rises above the sea-level at a high angle, 
and gradually beconie.s higher and higher, until it exceeds 20t) feet 
at Coiroachan Gormii, where it forms the entire* undercliff. The 
remainder of the section avS far as Oribun I have only examined 
from u boat ; but at the latter locality there is, as observed by Judd, 
unmistakable Upper Greensand over the Poikilitic conglomerate and 
marl, but, so far as 1 could discover, still no trace of Chalk. The 
Isle of Eriageir, rather over two miles from the shore, is of gneiss ; 
and Inch Kenneth is of gneiss and ]\>ildlitic conglomerate. 

E'inding the Ardtun rivor-dejwsits so f(?ebly represented on the 
opposite shore of Torosay, loss than 2 miles to the N.E., and the 
presence of an elevated tract of Palaeozoic and Secondary rocks there, 
I examined the traps running almost due east and west, along a 
line 12 or 13 miles long, embracing the north shore of Loch ua Kael, 
and the Isles of Eorsa, Ulva, and Gomotra. Hie Traps on the further 
side of the tract or ridge of Palaeozoic rocks alluded to would appear 
to bo the result of distinct flows, as on that side we find the lower 
levels occupied by rudely columnar and amygdaloidal basalts, instead 
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the ooliitniiar hows hitherto seen. The lowest beds of amygda* 
loidal basalt at Burgh or Garsaig are in fact quite 300 feet from 
the base. The hows are also thickened and irregular on the shore 
opposite Ulva and in Eorsa, as if they had been piled up against the 
ric^e, and they only become regular in Ulva itself and Gometra. 
Further, the ridge together with some of the first flows of Trap 
must have formed a lake-basin, for from the shore of Loch Tuath to 
that of Loch na Kael, a distance of over 2 miles, there ore bods of 
bole and lithomarge, at least a dozen feet thick and pisolitic in 
places, cropping out among the basalts at heights of 100 feet or loss 
above the sea. The beds are continuous and distinctly laminated, 
and the glacial bods over them are full of their fragments. These 
must have been formed in a small lake-basin ; but I saw no trace of 
any gravels except the glacial beds, which everywhere cling to the 
sea-slopes, nor any bods which presented ovidenot? of a fluviatile 
origin. The course of the Ardtun river was therefore clearly not in 
this direction, and must have been to the south of (loinetra. 1 was 
unable to explore the basalts round the north-wesl. coast of JMuU, 
but do not anticipate that any iia])ortant beds of sedimentary origin 
would be met with. 

Before leaving the district, however, 1 visited the sections on 
Loch Aline referred to by Prof. Judd (Q. J. G. 8. vol. xxxiv. p. 734), 
where it seemed possible that plant-rtmiains might be discovered. 
That part of the section between the gneiss and the columnar trap 
at Beinn nah Uamha (Beinn y Hun. I, c.) was everywhere obsciired 
by talus ; hut the section at the south-east angle of Beinn Ladain was 
visible and substantially as described by Judd, except that the 
** Chalk,” as at tluj WilderJiess by Burgh, is not bedded, but rcmaule 
flints and chalk rubble only 4 feel, thick. It dues not appear to ray 
mind to be suflicient. to furnisli absolutely convincing evidejice that 
the sands beneath are of Cretaceous age ; hut it is a question foreign 
to our immediate subject and one which requires further investiga- 
tion. 

Though it is quite obvious that the sedimentary beds at Ardtun, no 
less than at Carsaig, arc the ordinary gravels and muds of a river- 
channel, important differences between them become apparent when 
they are compared. At Carsaig their fluviatile character was at 
once recognized bj' Prof. Judd; but those at Ardtun wore believed 
by such experienced observers as Sir 0. Lyell, Mr. Smith of Jordan 
Hill, and the Duke of Argyll to have had a volcanic origin. The 
examination which led to this conclusion was made, however, in a 
ravine where they appear to have been greatl}" affccited by the 
passage of a dyke, and where their i>eculiar weathering and dark 
colour give them a truly volcanic asi)ect. On the sea front the 
current-bedding is as plain as in the river-gravels of England, and 
the block exhibited to the Society suflices to remove any doubt as to 
their true nature. At Carsaig we And a conglomerate of boulders of 
Trap and large flints resting directly on a Trap floor in one part of the 
section, flanked on the west by silts, and overlain by a vast mass of 
subangular flints of all sizes, scarcely even roughly sorted, the whole 
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being covered and overlapped by pure flint sand. Snch an arrange- 
ment of material might have resulted from a mountain-stream of 
velocity sufficient to move rocks of relatively large size along its 
bed, giving place through changed gradient to a current not exceeding 
5 or 6 feet per second, and no longer cutting away the basalts. 
Further depression seems to have converted it into a smoothly 
flowing river, with a current only capable of transporting grit and 
sand. The greatest w’idth occupied its bod does not appear to 
have exceeded a mile in this part of its course. The xxjculiarity of 
these gravels and sands is that they seem composed exclusively of 
angular fragments of flint derived from Chalk, without any other 
foreign substance. Wo may infer from this that the Tertiary Traps 
had no groat extension southward, and 1 believe, in 8i>ite of their 
great thickness, that their jiresent limits on that side coincide 
somewhat with their original confines. A considerable tract of hilly 
country must have been covered with Chalk. 

At Ardtun the coarsest gravels are much finer than any gravel at 
Carsaig, and unlike the latter their small x)ebbles are imbedded in 
sand. The velocity of the currents which deposited them, even in 
the swiftest channels, must have been under i’ect per second, 
while there were cnrrentless backwaters depositing ooze or fine silt 
into which leaves of forest trees \v(‘re eddied and sank. An increase 
ill the volume of water ensued; for not only are the higher gravels 
more massive and of ooar.ser mat(*rial, hut all backwate rs and slow 
currents disaxipi'ar, and the wludo river-bed seems to have been 
occufiicd by swiftly moving. wat-(*rs. Tlic transverse section through 
the gravels is not less than a mile, probably a mile and a half long; 
and though the R<>ction may be obliijue, increasing the apparent 
width, the iiosition of the lignites, &c., towards Buuessan and the 
Carsaig section, shows that th<^ actual width was not far short of 
this. 

The river may not have occutiied the entire hod at any one time, 
but it was evidently one of magnitude when a renewed volcanic 
outburst filled in its bed with a massive How of traj). It is interesting 
to remember that JVof. Ceikie recognized tlie course of another of 
these Tertiary rivers in the Scur of Eigg* coming from a northern 
direction (Q. J.G. S. vol. xxvii. p. Bop), while the interbasaltic 
sedimentary bods of Antrim furnish examx>lo8 of still more con- 
siderable rivers flowing in the same direction. 

Besides the difference in their coarseness, the gravels of Ardtun 
are distinguished from those of Carsaig by a large mixture of rolled 
pebbles of volcanic rt)cks, which may have come from the direc- 
tion of Benmore, showing the influx of a tributary stream from a 
region of acid eruptions which had not been overwhelmed by the 
Trajis. The central region of Mull appears to me in fact to have 
remained elevated during the Eocene, while the Traps were piled 
round its sides to a depth of 2000 feet *, A restoration of the 

♦ This opinion ia partly based on a careful survey of Beinn k Ghraig, a ridge 
of syenite between Benmore and Loch BA, rtitaching a height of 1939 feet. The 
original mass is traversed obliquely by three gigantic dykes of felstone of slightly 
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contours about tbe riyer-gravels shows high ground to the south 
and east, coinciding with the boundaries of the Traps, with the river- 
channel roughly following the present outcrop of Palsaozoio rooks in 
the Ross *. A spur of gneiss from Benmoro, represented by the 
gneiss of Gribuu, Erisgeir, and Inch Kenneth, directed its course 
westward, and we have seen that there is but a slight trace of it along 
the shore of Torosay. The actual river-bed is traceable for a little 
over 9 miles, and it ran in a north-west direction. TheiH? is but little 
hope of tracing it further in this area, unless fragments of its bed 
should by chance he preserved in the Isles of Bac Mor, the Dutch- 
man’s Cap, or in Lnuga. I succeeded in getting near enough to the 
latter to see that there, at least, this is improbable, hut continued high 
and adverse winds frustrated my efforts to reach the former. When 
we consider, however, that the preservation of Ardtun itself is mainly 
due to the accident that an intrusive sheet of great hardness runs 
through it and buttresses it at both ends, and that the presence of 
gravels would bo a source of weakness and facilitate disintegration, 
we see that it is far more likely that its course is now under the 
sea than in the few islets that still remain above water. Indeed the 

different quality, one in the centre ami one at either end. in a jlireot.ion uhnost 
parallel to the iSound of Mull. [That at the euutheru end, though provisionally 
called by the tlold-terra of •• tVlstone,” is a hard, compact, bW*k r(»ck, weathering 
with a smooth white cjrust ; under the inicroKCope it shows a fine-grained matrix 
with porphyritic augiles, and what appear to b»* numerous intinsioiiH of another 
rock. Its s|>ecific gravity is as high as 2'hO. -(K O. I It is probable that the 

syenite would long since have crumbled away but f\>r tlie prot,<*ction of the 
dykes, wliich weather slowly and act as supports, i’he mountain ou the opposite 
side of Loch Ba is of precisely similar sfruiUuro; Imt 1 otnllted to state that 
there is in tite first, also a small dyke of gabbro mid one of dolerite traversing 
the syenite. It seems likelj’ tliat the crater of which neninort' is a fragment 
was formed at n later date, and after the Trap eruptions bad ceased. So fur as 
1 could make out from this particular section, the syenite or granite region 
may have been n cluster of hill.'^ altogether outside any crater, and the felstone 
dyfces may belong to any js^riod antecedent to the Tertiary. It is impossible k> 
say whether the Boss-of-Mull granite, which is rod, is iii any way oonnecited 
with the syenite of Benmore, but there are boulders of a grey granite lying 
about, which seems, in some respects, intermediate b<*tweeii t hem. The Tloss-ot 
Mull granite is perhajis not fur off* at a low level and may be (Minoealed by talus 
or vegetation; tor the wliole district as well as the shores of all the Lih'ijS n,ud 
of Ulva and Morvern are strewn with fruginents of it. I'o suppose that this 
was carried by ice from the low ground of the Koss to the south-west during the 
Olacial period involves physi(!al difficulty, while in that case it must have been 
ac<?oinnanied by blocks of the intervening gneiss, which does not appear to me 
to be the case. 

^ It is a question whether the line of j unction between the Traps and gneiss, 
west of Bunessan. is marked by a fault. At Ardtun wv arc rdosc to the base of 
the Traps.- On the coast, 6 miles due west of Oarsaig, the actual junction shows 
the basalt with slightly upturned edge against tlie gneiss, w'hich is perfectly 
riddled by small veins There are no intervening secondary beds as shown in 
Maceulloclfs section. The manner in which the edge of the gneitis is penetrated 
by the Trap appears an argument against a fault, and we everywhere see 
evidence that the secondary strata were not only very locally and unequally 
deposited in this area, but that only fiatches of them remain«»d at the time of 
the first Trapj>ean eruptions. A dow-nthrow of from lUtI to 2IK) feet would in 
any case bury their entire thickness, and a fault of 1<XX> feet is unnecessary for 
the purpose. 



low laada whidi the river must have sought would inevitahly have 
sunk under the enormous wei^t of Trap poured out upon them ; and 
in this area at least it is highly probable that we have little more 
accessible to us than the flows which clung to the flanks of the 
hills. 

The Flora of the Ardtim Leaf -beds. 

Considerable collections from these beds were made some 35 years 
since and were deposited in the Museum at Jermyn Street and at 
Inverary, About five years ago Mr. Koch made a large collection, 
which be presented to the University Museum at Glasgow. No 
specimen was to be found in the British Museum or in the Edinburgh 
Museum, and the flora was equally unrepresented in even the most 
complete of our University and great provincial museums. The 
collections that did exist were from the beds shown in figure 3, and 
the bed marked d in figure 6, the matrix, in most cases, being a 
crumbling black shale, in some a hard grey rock ; and the specimens 
of leaves were, with few exceptions, of a fragmentary description. 
I first endeavoured to supplement these in 1883 and 1884, but it 
was not until 1885 that regular quarrying operations were under- 
taken, with the result that large and perfect specimens of the chief 
types have been procured in abundance, ;ind arc now in the British 
Museum. One specimen in particular, nearly a yard in extent, 
shows several forms of Pbdatnten and fronds of OnoeJm in perfect 
preservation. Whilst collecting these, I excavated the heels marked 
f to i in fig. 0, which, though apparently observed by tlie Jluko of 
Argyll, were at that time regarded as iiiac(U'8sibIc. The layer r/ is 
a limestone as finelj' grained as that at HoJerihofen, and contains 
impressions of leaves as beautiful as can bo imagined, though it is 
unfortunately refra'ctory and bretiks with a conclioidal fracture, 
which baffles the search for fossils in it unless extreme care is used. 
Even when found, the absence of cleavage-planes niakos it difficult 
and tedious t-o expose them. On the other hand, square yards at a 
time may bo exposed of tlie underlying pale grey clay, completely 
covered with magnificent-looking leaves, preserving the colours 
proper to them when they sank waterlogged in the stream ; but 
here disappointment attends every attempt to remove them, for the 
clay instantly breaks uj) into i^ioccs a little bigger than dice, and 
continues to crumble. The mere sight of such masses of leaves is 
most instniotivo, and from notes taken on the spot I am able to 
apeak of the relative abundance of species, their variation, colour, 
and the maximum sizes attained by them. I also ascertained by 
this means that our knowdedge of the flora is still relatively very" 
imperfect. We are, however, now in possession of a large uumber of 
specimens, especially from the limestone, the nature of which I have 
endeavoured to convey in the accompanying Plates (Pis. XIII.- 
XVI.), in which only those of moderate size could be included. 

The hods share a peculiarity possessed by most of the Eocene 
plant^heds in England, namely ’the absence of traces of aquatic life. 
It is diffloult to come to any conclusion regarding the cause of this ; 



£ot we e&tk hardly suppose tliai> bodies of water so oousiderabUi ;^ 
those which deposited these, or the Beading cmt Bournemouth beds« 
were destitute of dsh and molluscous and insect life. Of the latter, 
in its terrestrial form, we have, as usual, scanty traces. The most 
interesting is a detached wing in which the neuration and colouring 
are beautifully preserved, and which appears to be in all probability 
the hind wing of a Cercopid of an extinct tj'pe (PI. Xlll. fig. 9). 
Big. 8 shows part of the wing-case of a beetle which has adhered 
to the matrix so that only the inner side is visible. One or two 
smaller elytra have been found in the black Ahalc. 

Only one species of Fern is know^ri, Onoclea {Filicites) hehridica, 
Forbes, of which specimens have now beeji discovered, showing that 
the barren fronds were larger and on a stout rachis, and also exhibit- 
ing the fertile fronds which had not previously been met with The 
only other vascular Cryptogam in the flora is Eijuisctmn Camphellii^ 
Forbes, hut both this and the Onoclea are undistinguishable from 
living species. There are also hut few indications of cellular fungi 
on the leaves, and 1 am inclined to look upon this as one among 
many iudicatiojiS of relative antiquity. 

Among Gymnosperms the (Jinhjo is by far ilio most abundant, 
and its leaves form a considcrahlc proi)ortion of those seen in the 
clays. Podocarjyus Ca7npfu'lli\ J. S. Gardn.. comes next , and is inter- 
esting as being so far the most northerly represent utive ot the genus, 
either living or fossil. A third is Ta.ms Cam/jhclii. Forbes, a Yow 
strongly resembling Taxon adjtresna of Ja})an'f- Fin* U FI. Xlll., 
represents foliage more nearly approaching specimens from Atane- 
kerdluk, in Greenland, determined as Eet/uoia JAimjndorJii. by Kcor; 
and fig. 2 would appear to bt'long to liis Gh/jdostrofnts turo/neus. 
Fig. 8 shows a small fruiting branch, which indicates the presence 
of a second e^KJcies of Podocarjiun^ with short falcate leaves arranged 
spirally, and small berries, scarcely exceeding the eighth of an inch 
in diameter, borne in small terminal clusters. The foliage is not 
uncommon in the black shales : and in the absfiuce of any evidence 
regarding the fruit, 1 had provisionally placed it w’ith the Bally- 
palady Crypto)neria, wdiich it very strongly resembles. The occur- 
rence of this beautifully preserved twig in the white liraost-one, still 
retaining its shining black berries, is one of those fortunate cir- 
cumstances which encourage the collector of fossil i)lants to i>er- 
severe, even when the collection of leaf-forms from a hod seems to 
he well-nigh complete. 1 can find nothing nearer among the living 
Podocarps than J\ copresHina, It. Brown, from the J*hilij)pino8 and 
Java. 

There are no Monocotyledons beyond a liliaceous-looking leaf and 
a few reed-like stems. 

The l>icot 5 lcdons are abundant, and the collections include more 
than thirty distinct 8])ecie.s, most of them so adequately represented 
that the range of variation in the leaf is practically ascertained. 
Foremost among them is the splendid form Platanitea hebruliais^ 

* Joum. Liim. Soc., Bot. voL xxi. pJ. xxvi, 

t “ Eocene Flora,” J. S. Gardner, Mouogr. PaL Soc. toI. ii. 1884 and 188J. 
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Forbes, the leayes of which attained the large sise of 15 inehes, 
measured from base to tip. The variation in shape among them is 
very great, and might give rise to numbers of species, for the forms 
of the lobes and the serration differ so widely that mere fragments 
could hardly be identified. The external resemblance of the leaf to 
Flatamut is very sujicrficiah and Prof. P’orbes’s determination was 
confessedly a mere guess, for the fragments he had to deal with bore 
at least an equal resemblance to the leaves of many other kinds of 
plants ; hut in 1 whole slabs of limestone were found to be 
covered with innumerable minute secd-like bodies (PL XI 11. fig. 14a, 
magnified); and in oth(‘r cases clusters of small globular catkins were 
found (PL Xlll, fig. 15). Last j’ear the specimens figs. 15 & 14, 
showing the catkins in the act of breaking up, supplemented thCvSe 
and pro\ (id them to belong to the same plant. The small bodies w ere 
recognized immediately, and quite independently, by Mr. (.-arruthers 
and l*rof. Olivtu’, as the anthers of a Flrttanus. We thus find the 
malefiowers in enormous almndance ; but fig. \ 2 represents the only 
object resembling the fem/ile, a fact the more singular as it is pre- 
cisely reversed at Heading, where leaves of PlntanKn also abound. 
The leaves occur in great profusion, especially in some of the layers 
of l)lack sliale. They have been collected at Atanokerdluk, but of 
much smaller size, by Wh 5 unpcr, Colomb, and others, and beitig 
wholly diUV rent from any Miocene form, shotild bear the name given 
by Forbes. Another very fine and undescribed form occurs in the 
Limestone ; and a rarer leaf in the black shale which is common at 
Atanckerdluk, and has been called Qui't'cn^^ jiUrtunia^ and apparently 
also spfctafnfix and J\ alftniana. by Hoer. Among 

the largo leaves in the clays, seen but not collect(‘d, appeared to bf* 
forms like those described from Atanokerdluk as piharnum multi- 
nerve, Alt) vs Kefev.-^triiii, Mtft/noliti ] n^jlifuitlt, tVc., from Greenland, 
but of r(dativtdy much larger Hiz(\ 

Tlio only otlier lobed leaf in the llora is the A<;rr-looking leaf 
(Pl.XIV. fig. 1), of which the smallest and most exquisitely preserved 
Bpeciraen is figured. There is nothing resembling the Li^iuidamhitr or 
l^ttttsafrait found in the Atanokerdluk h'vel of similar age. 

Among the ovate-serrate leaves, that calked Cort/lnti Muvt/uarrii by 
Heer, PL XV. fig. 5, the most striking, and occurs most commonly 
in the Limestone. It is of a dark hrowri colour, and certainly resem- 
bles the hazel in a striking degree. Thin jiellicles occur, PL XI 11. 
figs, 5, fi, lU, in the same btnls, with par.dlel and forking venation, 
which might bo fragments of the husk ; but the total absence every- 
where in the Eocene of anything like nuts, and their abundance in 
the Pliocene, renders it difticult to believe that the genus Coryhis 
was actually in existence during early Tertiary periods. The leaf 
form recurs in many genera, and we must probably look elsewhere 
for an acceptable determination. The same doubt, and for the 
same reasons, extends to all the determiuntiona of Ovpulifet'cB from 
the older Tertiaries, except the Betvleiv, and also to those of the 
Juglandeoi. The CoryZiw-like leaf is found very commonly at 
Atanekerdluk, and the sx>ecie8 might be known provisionally as 
Corylite^ M<icguarri%» 
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A new and very rare leaf at Mull is perhaps identical with the 
Qiiercus ^rcenlandim^ Heer, from Atanekerdluk, some of the speci- 
mens of which seom, however, to have been placed in Cnstanea 
Vngeri by that author, though they do not resemble the Miocene 
Chestnuts of either Europe or America. The specimen is illustrated, 
PI. XIV. fig. 2, and the 6i)ecies I would suggest should for the present 
bear the name of Quercites grmnlandictis. There is another very fine 
Ca«^</at^«-like leaf in the Hmestone, which is too large to illustrate. 
We also appear to have forms identical with those erroneously 
described as A.lnus nostratus^ l^iburnam Tt h^mpt'ri, and Cctrpinus 
(jrandis^ together with the forms figured, PI. XIV. fig. 3, PI, XV. 
fig. 2, and PI. XVI. fig. 1, which as yet seem peculiar. 

Among the leaves with highly characteristic venation aro the 
Zizifphus hyperhorexis or Paliums horeulis of Heer. both of which 
belong probabl}" to the same species, Popnlus likhardsoni and P. 
arctiea, which also seem to be undisliiignishable, and Cornus hyper-- 
horea. Perhaps tlie most beautiful and distinctive leaf-form, how- 
ever, in the whole flora is the cx<|nisitely marked leaf with triido 
midrib and civnaied margin shown on PI. XV. fig. 1. The colour on 
the face is i>ure white, with veins black, hvit on the \>ack the whole 
leaf is plum-colour. These strongly marked characters seem to 
justify us in regarding it as a species of Paluneria^ of the Urticoaj, 
and may even servo to identify it ^^•ith an e.xisting species of 
Japan. 1 ]»ropose for this species the name of Uahmerlff (oitiyua. 

There arc, in addition to Uiese, a number of simple ovate leaves 
resembling those of the Pay and I.aurel, &c., PI. XVI. figs. 2, 3, 5, as 
well as tin; of Forhes ; hut. it .seenn.s scarcely ])rol>ahlo that 

any of these are capable of generic identification from the leaves alone. 

The flora is distinguished, like all those of (‘arly Eocene and 
Cretaceous age, by the absence of the so-calhid ('inn am on -leaves 
and the fSmfl((cc(r, which always enter into the composition of 
Middle Eocene and Oligocene floras rather largely. There is, in 
fact, not one tyj^e characteristic of the Middle Foceiie, Oligocene, or 
Miocene in England or Central Fhiropo to be found in it, and it 
shares w’itli all floras of similar or earlier age tlu^ peculiar facies 
given by the complete absence of leguminous i>od8*. 

The Ardtun dei>osit is known to bo of newer age than the Chalk 
of the same area, because it includes mattnaal derived from it; and 
in the absence of evidence linking it with any latc*r stage of the 
Cretaceous, it must be regarded as Tertiarj t. The })articular stage 
to which it must be assigned has to bo determined chiefly on the 
evidence of the fossil plants contained in it. It will ho seen that 
though we cannot exactly parallel the Ardtun flora with anything 
else, its general facies is more that of a Cretaceous flora than of a 
Tertiary one, and that its most characteristic typos ceased to exist 

♦ The only %ure througVmiit the * Floi*a Arclica ’ purporting be part of a 
fruit, ** Zeytiminositee, ep.,” is a tom fragment, whicli might equally be part of 

a leaf. 

t In the Trana. Edinb. Qeol. Soc. vol, i, April 1807, Mr. T. Smyth maintaiDS 
that the Lower Basalts oJ‘ Ardtun and of the sides of Fingal’s cave in Staifin are 
Upper Oretaoeotts, and the leaf, bed of Ardtun, Miocene, 
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in Europe with the stage known to continental writers as Pfideooene. 
Further, if we accept the stratigraphical evidence linking it to. the 
floras of Antrim, we are able to fix the age of the next overlying 
flora as not later than that of Gelinden, a flora of ‘ Heersien ’ age, 
and probably contemporary with our Thanet Beds* ; and to check 
this by a third and much newer flora, that of Eough Neagh, in which 
for the first time the most characteristic plants of the Middle Eocene 
make their appearance. This evidence, complete as it is, is backed 
by a large amount of negative evidence, and must carry conviction, 
unless it is denied that plants in those days followed the ordinary 
laws of nature and appeared in any definite sequence. 

Thirty-five years ago, when the Ardtun flora was brought under 
the notice of tho Society, scarcely anything w-as knowm about fossil 
plants. Tho existence of Dicotyledons of Cretaceous age was not 
even 8 us])octed, and except the abnormal flora of Shoppey not a 
single assemblage of plants of acknowledged Eocene age had been 
adequately illustrated, while the monographs on Tertiary plants in 
all did not reach ten in number. The science was in its infancy 
when Edward Forbes hazarded the opinion that the plants would 
prove to be of Miocene age ; and those who have been accustomed 
to regard tho age of the Ardtun flora as no less well established than 
that of Alum Bay w'ill bo surprised to realize the slender basis on 
which the determination has rested. 

The first notice of tho t)ccurrence of fossil plants in these Traps 
was published by the Duke of Argyll in January J85lt. Though 
well aware that they were of Tertiary age, he refrained from making 
any more definite statement regarding them ; but Brof. E. Forbes, to 
whom the task of describing tho plants themselves fell, thought 

that the gtmoral assoiublago of loaves, whtai judged by the present 
state of our knowledge of the vegetation of ancient epochs, is 
decidedly Tertiary, and moat probably of tliat stage of Tertiary 
named Miocene.*’ Ho was unable, liowevor, to identify any of them, 
either with forma of the British Eocene J or European Miocene, and 
was forced to regard them as “ in all probability distinct from any 
recorded species ”§. One, however, Phdanitis lu hridicus^ he believed 
to have “ a close affinity wdth J^htanas hcratles Wy from the marly 
slates of Croatia;” and another ? Camftbelliiy “ allied to the 

Taxites liosthortii of Unger, from the Pliocene lignite of Carinthia.” 
The remainiiig six species (really only four) presented apparently no 
sufficiently decided resemblance to any previously known form to be 
worth alluding to, AVe thus see that, when describing them, Forbes 
was only able to say that the small fragments of Platan which 
were all he bad, were something like an Eocene form from Croatia, 

* Ceol, Mag., April 1887. 

t Quart. Jouru. Geol. 800 . vol. vii. p. 89. 

X L. c. p. 103. 

§ The known British Eocene floral appear to have been the abnormal ones 
of Sheppey and Alum Bay, which certainly bear no resemblance to that of 
Mull. 

II Unger, ‘ Chlor. Protog.,’ p. 138, t. 46. They belong actually to very distinot 
types of leaf. The slates were described as Eocene. 
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and tbe Taxites^ a yew-libe oomfor of a type actually oommou 
to every flora, from the Jurassic upwards, was something like a 
Miocene conifer from Carinthia. 

The next reference to the Mull flora that I have traced occurs 
in Lyell^s ‘Elementary Geology,* 5th ed. 1855, p, 181, where the 
author says, “ no accompanying fossil shells have been met with, 
and there se^ms therefore the same uncertainty in determining 
whether these beds are Upper Eocene or Miocene, which wo ex- 
perience when we endeavour to fix the age of manj^ continental 
Brown-Coal formations, those of Croatia not excepted.** Jukes, 
Phillips, and other contemporary writers make no mention of the 
.^dtun plants, and no very definite opinions conconiing them seem 
to have been formed until 185f>, when De la Harpe visited 
England. 

Ho wrote, after examining them, that though most of the im- 
pressions are hardly determinable, and ho is unable to identify any 
with known species, be fully coincides with Eorhes’s opinion, and 
can only regard them as a Miocene flora*. 

In 1859 Heer pronounced them to be Miocene, though ho had 
not seen the specimens, and had only the rather defective figures of 
Forbes’s very imperfect specimens to go upon : yet this o]>inion seems 
to have been regarded ns final, and has remained un contradicted to the 
present day. AVhat ho actually said wasf that Ardtim Head was 
the only point in Great Britain which had until then yielded 
Miocene plants, amongst which were Sequoia Lnurjsdorfii and Pla^ 
tanue aceroidee^ Gp. (?). In a footnote (p. 314) he is more explicjitj: ; 
but we see that the i'a.vites of !Mnll has shorter leaves than the 
Sequoia it is identified with ; the Platanus is only verif prohahly the 
P. aceroides^ the imperfect ])re8ervation of the margin leaving room 
for some doiiht to e.vist : the Ahiitcs is perhaps the Corylns ; the Rham^ 

* “ Quoiquo 111 plupart dcs ejnpreinics reciioillios Hoient pou detcrminables ©t 
que je n’en puinse rajjport.er aucune a dee ©spt-c«8 connnes, j© partag© ploine- 
raciit I’opinion de M. Forbf‘s*, et n'y vois ausni qu’iine floruio de I’^poque 
Miocene, liii prescnc’e d’un Alnu»’i {Alni/rn? MacQiiarrii, Forh., pi. iv. fig. 3) ; 
celle (p»-obal)lo) d’nii Acer {^PJaUniifea hehridicus, Forb., nl. iii. fig. 5, et pi. it. 
fig, 1 ), voisin de VAccrites in teg err i mils, Viv. ; et e(‘llc dim Jihamnus {nham- 
7 m(Pin€ri?afns, Forb., et fSiamnitcs? mqjor, Forb., pi. iii. fig. 2 ©t 3) ; 
etifln, la position geologiquo du gisemont sorit autant de motifs en favour de 
cette opinion. ” (Hull, dc la Soc. Vaudoiso, 1850.) 

t Flora Tert. Ilelv. vol. iii. m 313. 

+ “ Der TaxUes Cainphallii, Forb., ist die Hequoia Langsdtrrfn ; die Blatter 
Bind zwar elwas kiirzer ala sic bei unseiTi Kxomplaron gcwdhnlich vorkommen, 
doch linden sicli aolcbe kurzblattrige Formen auch bei uns und in OeBtreioh 
(<?/. Unger’s ‘ Iconogr.’ Taf. 15. lig. 13;. Plaiamis hehridicntH, Yorh., ist sehr 
wahrscbeinlich 1*1. aceroides, Gp. Das Blatl hat nnr 3 Hauptnerven (kaun 
daber nicht am Acer integerrimus. Vir., gehdren) und iiberhaupt ganz die Ner- 
vation der geiiannten Plutane. Leider let aber der Blattrand nur an wenigen 
Stellen erhalten, und ao bleibl immer noch einiger Zweifel; sonst muaste der 
Name von Forbes ala der ^tero vorangestellt vrerden. Tuf. 3, fig. 4, gehort 
vieUeicht zu Corylus grosse-dentata. Hr. Die Bandbildung iat wabrsdbeinlich 
unrichtig gezeichnet. Taf. 3, fig. 2 (Bhamnites^ muUinervatus, Forb.), ist 
wohl Berch^ia multinervU, A. Br., sp. Die nierkwurdigBte Art iat der Pili^ 
ciUB ? hAridioue, Forb., ein Forrenkraut, dam in seiner Nervation aebr von alien 
des ConUnentes abweiobt.*’ 
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j prohahly the Berehemia ; the Fern is of a type unknown on 

the continent. He thus differs in detail from De la Harjie, and is 
indisposed to admit that the flora contains either Alnus, Acer, or 
Bhamnvs, the j)re8ence of which had convinced tlie latter as to the 
Miocene age of the flora. His four rather hesitating identifications 
Bufficedf however, to induce him to speak even more positively than 
De la Harpe, who had at least seen the specimens, as to the age of 
the bods ; hut he reduces the value of his evidence by only admitting 
two, the Sequoia and the Platanua, into the exhaustive tables which 
conclude his great work on the Tertiary Flora of Switzerland. I 
cannot trace that these identifications were in any way increased or 
modified after Heer’s visit t-o England ; but in 1802 he changed the 
name of Corylua yrosHedentata, of the Aquitanian of France and 
Switzerland, to Corylua MacQuarrii, Forbes, sj).* 

This completes the evidence upon which the Miocene ago of the 
Basalts was defined ; for in the 0th edition, I805t, and all subse- 
quent editions of Lyell’s ‘ Elements,’ and ‘ Student’s Elements of 
Geology,’ we find the following : — “ and his [Forbes’s] opinion has 
been confirmed by Prof. Heer, who found that the Conifer most 
prevalent was the Sequoia Lanysdorjii, also Corylus yrosse-dentata, 
a Lower Miocene species of 8wdtzorland and of Menai, in Auvergne.” 

Thus the ago of the bods has been based on the lithographs of 
four s])ecies, wuxnting in detail, and represented by mere fragments 
of leaves, which even Do la Harpe, who was not easily discouraged, 
regarded as “/x y/ d/tenninahh,^' the specimens being, in fact, in 
black shale, and by no means easy to make out. 

A lett(?r from Heer to Ch. (iaudin, dated IHofJ, ])ublish(*d in the 
Bull, de la Soc. Vaudoise, shows that the only floras recognized by 
him as Koeene at that period X were known to liim from the descriji- 
tions, 'without illustrutions, jmblishcd hy (fandin and by Ilrongiiiurt, 
ti*om Boworbank’s work on the English J^occoie jilaiit-s, and thc^ flora 
of Monte Bolca. All others, though described as Eocene in published 
works, ho regarded as Miocene §. It is easy to see how, W'ith the 
ordinary ty]) 0 s of Eocene floras (and some of the isolated S-wdss floras 
may be Eocene), grafted on to the Pliocene floras, there wms always 
at hand a scale by which ovoiy flora, except such abnormal ones as 
those of Sheppoy and Alum Bay, would be determined to be Miocene, 
and be of use in turn in incorporating floras of even more widely 
different ages. On the plant-evidence, Heer would have pronounced 
the Heading and the Bournemouth floras to be Miocene had they 
been knowui then ; for they have a veiy large number of species in 
common with European floras lie had already so placed. He did, in 
fact, pronounce an American Cretan oas flora sent him to be Miocene, 
so that it is obvious he was not in a position to offer anj' sound 

♦ Natiirf. Geeollsoh. Ziirich, 1802, p, 178. 

t Lyell, ‘Elements/ ed. 0, p. 239. 

1 “Oiieet done la flore ^Kicene?— -Jc ii’en connais piae ailieure qu'au Monte 
Bolca, en Angleterre, et dans le bassin de Paris.” 

**Cet examen m’a parfoitement confirm^ Topinion que Haring, Sagor, 
Soteka, Hadoboj, de ui4me que le Monte Promina sont miodnes et non point 
(BuU. Soc. Vaudoiae, 1856.) 
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opinion regarding the age of any of the older Tertiary floras, even 
with the l^st of material. 

There are, moreover, many prevailing types of leaves common to 
widely distinct genera which seem to occur in most floras, whether 
recent or fossil. The so-called Coryltis^ on which so much stress 
has been laid, is one of such ; for even the brambles and hazels in 
any hedgerow are seen to have the same cutting and venation. 
The identifications of the Mull and Greenland plants with those of 
European Miocenes will be seen to rest upon loaves of this kind, 
and not iii>on the well -characterized forms, which differ most com- 
pletely. Instances of similarity, and even identity, between the 
Greenland plants in question and those of Ihe Cretaceous and older 
Tertiaiy floras of Europe have passed without comment, whilst the 
majority of the identifications actually made are untrustworthy, for 
in nearly every case there are marked and often fundamental dis- 
crepancies between the form and venation of the leaves compared. 

Of the Ferns, the oldest are unknown in any other European 
formation, though the llallypalady tyj)e appears in the ‘ Heersien ' 
of Gelinden and the Woolwich Beds of Bromley ; but directly the 
newer beds of Lough Neagh are reached two widely spread Middle 
Eocene types appear (Jonrn. Linn. Soc., Bot. vol. xxi. i»l. xxvi.). Of 
the Coniferflc, the only one to reappear in any post-Eoceno deposit of 
Europe is the still living Oinkfyo, which recurs in the late Miocene 
or Pliocene (?) of Sinigaglia, in North Italy. It is upon the Dicoty- 
ledons, however, that reliance has chiefiy been placed ; and it is 
likely that their evidence is the more trustwortliy, since they must 
have been undergoing somewhat rapid modification in the direction 
of existing species and genera. 

The first fossil plants brought back by Arctic expcjditions wore 
from the lower of the two plant-beds at Atanckerdluk, in Green- 
land ; and collections from this were made by McClintock, Colomb, 
and Why roper. They were determined by Hcer to bo Miocene, and 
comprised not only all the pi ants from Ardtun illustrated by Forbes, but 
most of those since discovered by Baily at Glen arm and Jlallypalady, 
in Antrim. Fifty-two out of the 178 species* from this bed were 
identified with European or American Miocene plants, and these we 
propose to examine, since the evidence in support of the Miocene 
age of the Ardtun plants alone would scarcely require further con- 
sideration ; whilst if the Atanckerdluk bed is really Miocene, the 
Ardtun bed would bo equally so. The Atanckerdluk bed is 1200 
feet above sea, and under a great capping of basalt ; most ot the 
leaves were found in a reddish concretionary ironstone like that of 
Lough Neagh ; and others, less distinct, ih dark shale and a yellowish 
ochreous sandstone. A second planished occurs 200 feet above, 
with Oonsiderabl}’ more than half its 78 species peculiar to it, and 
much less like those of Mull and Antrim. Bince then, fossil plants 

* At leadt one half of these should be suppressed. Robert Brown, the com* 

panion of Wbymper, was the first naturalist to visit these beds, and he strongly 
protested 'against the ** reckless way Heer nudges species and genera out of these 
losials.’’ Sans. Edinb. GeoL Soo. voL i. p. 194 (1868), 
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have been ooUooted from more than forty fresh localities within the 
Arctic Circle, some of which are obviously of much later age, aiid 
which we need not now take into account. 

The most conspicuous of the leaves at Ardtun, both on account of 
its size and abundance, is the Plataniies Jiehridicus^ Forbes, identi- 
fied by Heer*, first with Platanus aceroidis^ Odppert, of Schrotz- 
burg, and subsequently with P. GuUlelm-^r, Odppert, of Rchossnitz f. 
The materials for comparison were the two figures in the Journal of 
this Society, neither of which show base, apex, or margin, and some 
hardly more perfect specimens from Greenland, the fragments of 
different loaves brought homo having, it is stated, to be pieced to- 
gether to got an idea of the leaf. The fine scries of perfect speci- 
mens which we now possess shows that Forbes’s species differs in 
nearly all its details, and is a much larger form than any of the 
Miocene species of Plaianu^ of either Europe or America, and 
greatly resembles the Cretaceous Credneria, as observed, indeed, by 
Heer, as well as some of the Sezanne leaves of Paleoccne age. 

Gastanea Umjeri^ Heer, Fagus castane^rfotia^ Unger, from the 
Miocene of Leohen and Wartzberg, in Styria, &c., and of the 
American Miocene, is a handsome species and probably a true C'cw- 
tanea ; but the cutting of tholoaf in the Greenland specimens identified 
with it is different, and the fruits X which are cited in support of the 
determination are far more like the similar bodies from Ballypalady 
than like chestnuts. Fagus uKwrophgllay Unger, is identified as a 
Greenland fossil on au indistinct fragment of a leaf which differs in no 
respect from the above : whilst the leaf named Qttereus fut'cinervis^ 
IlossTu., is probably only anotlicr specimen of the sartio species, and 
differs widely from any loaves of the Swiss Molnsse or the American 
Miocene hearing that name. The supposed Planera Uagerl^FAt,^ of 
Greenland, is represented by a single specimen, which might well be 
a distorted form of the same so-called Cnstanea ; and noitber its 
form, cutting, nor venation justify its association with the well- 
marked Miocene form, so prevalent in the Molasse &c. of Switzer- 
land, Germany, and Italy. 

The 8Ui)poscd Carpinu?^ grand is ^ Unger, of Greenland and ^lull, 
is a loaf with different cutting, and veins much wider apart and 
more forked than the Su'iss or American forms. 

Queretts Dr^meia, Unger, is a s])ccies well known from the Middle 
Eocene to the Oligocene ; but there is notliing in two fragments from 
Greenland to justif\" their reference to it. 

The same remarks api>ly to JSalia' vnHans^ Gbpp., and to the 
single imperfect and characterless leaf identified with Tthamnus 
Rossmtissleri, 

The specimens ascribed to Jughms acuminata^ A. Br., are im- 
perfect leaves without decided characters, which do not resemble in 
any d^nite way the splendid specimens figured by Heer under that 

♦ Flor. Tert. Helv. vol. ii. p. 71. ^ 

t Goppert, * I>ie Teit. Hora von S^osiOiitE in SehlenenJ 1855, 2L 
X Ilor. Arct. vol. ii, pi. xlv. figa, 2-2 h. 
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name in the * Tlora Tertiaria Heir.’ (vol. iii. p. Sii, pis, 128 and 129), 
and they would be better placed under Magmlia IngleJUldi^ Heer, 

Corylue Macquarrii^ Forbes, so very abundant in MuU, is probably 
distinct from the Miocene C. grosse-dentata ; while the single 
smaller leaf, separated as C. insignia^ is only a smaller specimen of 
whatever the larger ones may prove to be. 

The fragment referred to Liquidamhar europceumf A. Br., has no 
perfect digit, and the secondary veins are obliterated. The Green- 
land Diospyros hrachysepala, A. Br., agrees with the form described 
by Lesquereux from the Eocene Lignitic, but not with that of the 
Swiss Miocene. 

Several distinct forms seem to be described under the name of 
Salta: Maeana, Heer, but only one of them recurs among the figures 
of Baltic Miocene (?) plants. 

Quite a small fragment of a leaf and two indistinct fruits are 
referred to Myricu acuminata^ Unger; but they may belong to some 
plant widely distinct from that of Sotzka or the Baltic floras, while 
those placed by Lesquereux in the species are exactly like Quercua 
Drymeia. The tiny leaflet called Colutea SalteH is verj^ unlike in 
all respects those figured in the ‘Flora Tort. Helv.* (pi. 132. figs. 80 
and 61). Populus Zaddachi^ Heer, is only represented from Green- 
land by imperfect leaves, which probably may be identical with those 
from the Amber-beds. The leaves from the Baltic, the American 
Lignitic, and from Greenland, referred to Fraxinxia denti^culntaf 
Heer, and those from Bovey Tracej^ Missouri, and Greenland, 
referred to Quercus Jjytlli^ Heer, 1 believe in each case to bo dis- 
tinct forms. 

The foregoing si^ecies are all statt^d to be common to the Miocene 
formations of Greenland, Europe, and America. Those which follow 
are supposed to bo confined to (ireenland and America and Green- 
land and Euro|)e respectively. In the former category wo have 
Popjulus arcticiis. Hr., and P, Jlicliardaoni, Hr., which 1 cannot dis- 
tinguish from each other, from Greenland, Mull, and Heading, with 
leaves largo and deeply notched, and from America, small and smooth, 
or slightly notched. Jfedera MavCluxii, Hr., is based upon such 
fragments that comparison is impossible. The fine leaf, Vitia Olriki^ 
Hr., of Greenland, is not accepted by Haporta as a vine, and I do 
not see justification for Lesqueroux’s association with it of leaves 
from the first and second stages of the Great Lignitic. The grounds 
for separating specimens called Quercus Olafaeni from those called 
Caatanea Uugeri, Hr., seem inadequate ; while neither of the three 
very different leaves placed under Juglana detiticulata^ Hr., agree at 
all closely with the same species, according to Lesquereux. On the 
other hand, the examples of Paliurua Colomhi of Heer and lics- 
quereux appear to be properly united. 

Of the species common to Greenland and Europe, Androtneda 
protogcea, Unger, and A. Saportana, Hr., are not identified in the 
Greenland beds on adequate grounds. Acer otopierix^ Gbpp., is 
recognized from a fragment devoid of outline. The part» of leaves 
assigned to Papulua Qaudivd^ Fischer, might belong to Magnolia or 
a J. G. S. No. 170. X 
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any other form. The specimen named Sassafras Ferreiiarntm^ Mass., 
though very ^agmentary, is far more like a leaf from Dulwich 
and New'hayen than the Italian species. Fagus dmtata, Dnger, is 
represented in Greenland by a few fragments, and Fayiis Deucalionis, 
Unger, by one insignihcant shred of the same type as others 
called Cmtatiea Ungert. Dryandra aciitiloha^ Brongii., ranks as a 
Ghreenland species on account of another insignificant fragment, and 
veins are introduced into the figure which heighten the resemblance, 
but do not exist in the specimen, llhamnus Eridani, Unger, is 
based on a good specimen, but without distinctive character : 
Rhamnus Oaudini^ Hr., on a fragment which is alike destitute of 
base, apex, and margins, and in which even the veins are differently 
disposed from those of the Swiss specimen ; and liliamnxis hrevifolixis^ 
A. Br., from Hwitzerland, is quite distinct from that of (rreenland. 
Juglans Strozzimmxmid Quercus LaJiarpiiy Gaudin, from Greenland, 
are mere fragments devoid of distinctive characters ; Cornns ferox^ 
Ung., is based on fragments too imperfect for comparison j and 
Ahitis nostrattiff, Ung., on 8i>ocimens just sufficiently distinct to show 
that they cannot belong to that species. Finally, the leaf deter- 
mined as Fojmlus scleropJiyllay Hap., of Greenland, differs in ever^' 
detail from the same species at Armissan. 

These determinations are for the most part based upon specimens 
which I should regard, under any circumstances, as too frag- 
mentary to be of any value, and belonging moreover to types of 
leaves which are so universal that they would, oven if i)erfect, fall 
into the uudoterminable residuum of a fossil flora. It would, I 
believe, have been just as easy to have identified them with cither 
Cretaceous, Eocene, or living species as with Miocene. It is not a 
little significant that none of the finer and most distinctive plants of 
the MuU, the Antrim, or the Atanekcrdluk floras in question were, 
or could bo, identified with Miocene species, but wore all admitted 
to bo peculiar. Among these, wo have the PUrosyermites or Qxierciis 
platama (for those seem to bo the same plant) represented by a 
magnificent specimen from Atanekcrdluk in the British Museum, 
and a similar one from Mull in the Glasgow Museum, recalling the 
larger leaves of Sezanne. Then there is the very satisfactory Mag^ 
nolia InglefiMiy and the fine si)ecie8 named Ilex longifolia and 
QuerctM grcenlandica. 

But the best marked and most thoroughly characteristic leaves of 
the whole arc the Daphnogene Kaniiy Hr., and the MacCUntochia trl- 
nervisy Hr., forms which are equally represented in the Thanet 
flora of Gelinden and in the Antrim floras. These perhaps belong 
to the genus Pil-ea of the Ertice-ce, but they evidently existed in 
Europe at one definite stage and no other, and afford palaeontological 
evidence that should be conclusive. With these is the Rhus hdla 
of Heer, identical with Dewalquea gelindensis of Gelinden, and a 
few other less distinctive forms. 

The large number of fossil floras brought from Arctic regions have 
demonstrated that there is a gradual passage &om those determined 
to be Oretaoeous to those determined to be Miocene. The etratifi- 
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cation of those beds renders it in the highest degree improbable that 
beds of Eocene age should be imrepresented, whilst the known 
temperature of the Eocene would have been more favourable to the 
growth of temperate floras in high latitudes than the diminished 
heat of the Miocene, If palaeontological evidence is to count for 
anything, the floras of Qlenarm and Ballypalady must be correlated 
with the Thanet flora of Gelinden ; the lower bed of Atanekordluk 
is a little older, and the flora of Ardtun is a little older still. The 
relative stratigraphical positions of the Antrim and the Ardtun 
leaf-beds bear this out. The flora of Lough Neagh, which is the 
newest of the basaltic floras in Ireland, is, upon palaeontological 
evidence, somewhere on the horizon of the Bournemouth and Bovey 
floras. 

I have dwelt at some length on the illusory^ nature of the evidence 
upon which these floras have for so long been regarded as Miocene. 
The misconception as to their age was easy to propagate, but, after 
finding a place in every textr-book of geology for 35 years, is hard 
to remove. If I have failed to attain this object, 1 am convinced 
that it is less from lack of evidence than from failure to arrange 
it in a convincing manner. No stejws towards a rational appre- 
ciation of fossil floras can bo made until the faUacios regarding 
their ago are swept away ; hut when this shall have been accom- 
plished, due allowance being made for difforoncos of latitude and 
longitude, they may even surpass faunas in furnishing trustworthy 
data for determining the age of rocks. 


EXPLANATION OF THE PLATES. 

Platb XIIT. 

Eocene Plants and Insects from Limestone of Ardtun ; natural sise, except 

fig. 14 a. 

Fig. 1. Coniferous foliage, resemblmg that from Creenland described as Seffteoia 
Lang»dorjii^ Heer. 

2. Coniferous foliage, similar to that described as Glyptostrobm eu/rop<Btu, 

Heer. 

3. Fruiting branch of Podocarptut borcalia^ sp. nov. (p. 289). 

4. Flower-spike stem. 

5. 6, 10. Bracts or fragments of husks. 

7. Small drupaceous fruit. 

8. Elj’tron of a beetle. 

9. Hind wing of a Cercopid insect. 

11. Impression of a large subangular seed. 

12. Fruit of Platanua hebridievA, Forbes ? 

13. 14, 15. Male catkins of ditto. 

14 a. Detached anthers, magnified. 


Plate XIV. 

Typical Eocene Plants from Limestone of Ardtun ; natural aiae. 

Fig. 1. Lobed leaf, a form uani^ aacribed to Acer, 

2. QuctciUs granlandiumB^ HTeer. 

3. Ovate, aermte leaf, andetemuned. 
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TtkrmXV, 

TyyM Eocene Blanto from Limestone of Ardtun ; natural size, 

iPig.1. Bcfihmeria antiqua, sp. no?, (p. 291). 

2. Orate, serrate leaf, undetermined. 

3. CorylUei Macquarrii, Forbes, sp. 


Plats XVL 

l^pical Eocene Plants from Limestone of Ardtun ; natural size. 

Fig.L Orate, serrate leaf, undetermined. 

2, 3, 6. Erergreen leares, like those of Myrtcmea, 

A leaf. 


Discussion. 

Mr. Baueeman, as Chairman, remarked upon the great interest 
attaching to the study of these deposits, upon which the Author 
had brought forward a most valuable series of observations and illus- 
trations. 

The PRESIDENT also bore testimony to the value of Mr. Gardner’s 
collections, lieferriug to the points upon which the Author ditfored 
from himself in opinion, he said that when he visited the locality 
he was impressed with the fact that MaccuUoch had correctly 
described what existed then. He thought that the Author was 
mistaken in the significance he attached to “ rubble-chalk.” Kubble- 
chalk was not chalk transported, but broken up in sitn. He con- 
sidered that the presence of lignite in tho uufossiliferous sand- 
stones lying above the Upper Greensand was indicative of estuarine 
conditions. 

Mr. Cabkutueos remarked upon the extreme value of the col- 
lections obtained by Mr. (^lardner, but said that as the specimens 
had not yet been worked out, he could not vemturo to pronounce any 
opinion upon the evidence which they furnished. 

Mr. G. F. Habbis remarked upon the age of the deposits, which 
he understood Mr. Gardner paralleled w ith the Heorsian beds of 
Belgium ; and if this wore so, the Mull beds in question would not 
be older tian the Tbanet of this oountr}'. 

The Author, in reply, referred particularly to the small thick- 
ness of Chalk occurring in Mull, and stated that in the case of the 

rubble-chalk,” its being in situ or not seemed to him to be an 
open question. He would not deny that the Greensand deposits 
might be estuarine, but at the same time he thought that MaccuUoch 
had assigned this character to them upon hearsay evidence. 
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23. Notes on the Structures and Relations of some of the Older 
Rocks of Brittany. By T. G. Bonney, D.Sc., LL.D., F.R.S., 
Professor of Geologj' in University College, London, and Fellow 
of St. John’s College, Cambridge. (Road March 23, 1887.) 

[Peatb XVII.] 

Some unavoidable engagements prevented mo from availing myself 
of the cordial invitation of the Societe Geologiquo do Franco to our 
Members, and joining their excursion to Brittany last summer. My 
friend the Rev. E. Hill was, however, more foitunalo, and his account 
was so interesting that I determined to spend part ot‘ my autumn 
holida}^ in learning something of the gtrology of a country to which 
many years ago 1 had paid a Hying visit for the sate of its antiquities. 
I am greatly indebted to Mr. Hill for tlio loan of si)ecimons, and for a 
number of valuable hints, both verbal and manuscript. Even greater 
are my obligations to Dr. Charles Barrois, who, being detained by 
official duties in the neighbourhood of Redon, most kindly wrote to 
me several times, pointing out the best localities for stinly, and in 
subsequent corresi)ondenco has imi)arted to me his views in the most 
frank and cordial manner. Some excuse may per]ia]>H be needed for 
writing at all u])on a district whicli is in the hands of geologists so 
oomi>etciit as the members of the French Survey. The impressions 
formed during a passing visit may not unreasonably be deemed of no 
value in the presence of their more elaborate work. But in one 
respect (as Dr. Barrois urged in writing to mo) 1 may liopo my 
remarks may be not without use. I did not go to Brittany to 
criticize, but to compare, 1 looked at its rocks in the light of other 
districts with which I am well acqiiaintod, and sought to ascertain 
their bearing on general questions of metamorphism and the genesis 
of ciystalHne schists. 

Three questions, then, were always i>rominentIy before me as I 
worked : — 

(1) Among the crystalline schists what structures, if any, are 
presumably original ? and what are due to subsequent disturbance 
primarily mechanical? 

(2) What is the probable age of these schists? How are they 
related to, or in what respect do they differ from, beds indubitably 
Palaeozoic ? 

(3) How far are both the crystalline and the sedimentary rocks 
affected by the more important intrusive igneous masses ? and do the 
results in ease of the latter resemble the schivsts and gneisses generally 
regarded as of Archeoan ago? 

In regard to each of these questions Brittany supplies us with 
evidence which apjiears to me valuable. 

I travelled round the peninsula by the railway, halting at Vannes, 
Plouhamel, Lorient (whence I visited the He de Groix), Quimperld, 
Quimper, Brest, Morlaix ; but my remarks will he confined znainly 
a. J.G.a No.171. Y 
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to the sections of the lie de Groix, Quimpery, and Morlaix. The 
physiography of all this part of Brittany singularly resembles that 
of Comw^ and the adjacent districts of Devon. There are the same 
wide and gently undulating plateaux -and low rolling hills, the same 
tracts of grey granite and of shivery slate, the same steep-sided valleys, 
which at last are occupied by the sea, and sometimes become veritable 
^ords studded with hummocky islands : there are the same bare far- 
reaching moors covered with gorso and ling and heath : nay, even in 
the minor features, due to the hand of man, the likeness continues, 
in the dolmens and menhirs of olden times, in the cottages and the 
dykes of earth and stone that lejdace hedges among the fields — even 
in the irregular twists and turns of the lanes ! 

Brittany, where I saw it, is a rather difficult (iountry for the 
geologist. Except on the granite moors and on the sen-coast, and 
occasionally in the valley's, natural sections are railua* and the 

most favouralde localities, as it hapxicns, are often fnr away from 
the only convenient halting-xdaccs. As the country is not densely 
pcojded, artificial sections are not verj^ common. Hence one may 
often walk a considerable distance without seeing any thing hut 
woodland or cultivated fields. The task, then, of the geological 
surveyors must have been a laborious one, and I beg leave to 
express my admiration of the manner in wdiich it has been accom- 
plished^. 

(1) The J7e de Qro 'uv. 

The admirable memoir by Dr. C. Barroisf on this out-of-tlio-way 
locality makes it needless for me to describe in detail its gcolog 5 \ 
I will merely record the imi)re8sion8 ■which 1 formed during my 
examination of the eastern half of its coast. This is generally 
rocky, occasionally jmecipit-ous, hut, as a rule, easily examined. The 
dominant rock is a mica-sehist ; that of the greatest iniiieralogical 
interest is the awphihollie d glanco^fhane described bj’ Dr. Barrois. 
Of the former there are several varieties. The commonest coTilaiiis 
chloritoid as a constituent: garnets are frecpieutly X)roscnt. Besides 
tliis there arc some fidspathic, stauroUtic, and grai>hitic schists. 
Those schistea a ddoritdide are generally full of a well-developed 
silvery mica (paragonitc?), and the red gann^ts commonly vary from 
the size of a x^n’s head b) that of a small jx'a. The structure and 
comi>osition of the grouj) has been so fully w’orkod out by Dr. Barrois, 
that I content myself Avith referring to his ]>apcr. I will merely add 

* Tho circular of invitation, issued bv the Soeieto Gt'olojiiqm; do* France, 
contains a very complete list of works tiealing with the gtology of IJriltany. 
Aa tliis is a long one, and as n tropy is preserved in the library of the Geological 
Society, 1 have thought it' needless to add a bibliogra}jhical section to this 
paX>er. As tho questions mentitmed above are in most wises comparatively 
modern, I have not deemed it necessary to examine the older works, and to 
some in the list I have not access, but 1 have freely consulted the various 
papers by Dr. C. Barrois, Mr, "Wliitman Cros-s, and Dr. Le Hir, which deal wdth 
the districts visited by myself, and I took with mo the sheets ** Ixirient ” and 
“ OliatcauHn ’’ of the French geological map. Those including the remainder 
of Brittany are not, I believe, as yet x>ublisUed. 

t Ann. de la Soc. G6oL du Nord, t. p. 18. 
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that the group* as a whole, not seldom reminded me in its mineral 
composition and structure of some of the schists, rich in silvery 
mica and garnet, which in the Alps, so far as my knowledge goes, 
appear to* occupy a rather definite horiison, some little distance 
below the base of the great and widespread uppermost group of 
schists (the scJiistes lustr^es in part of some authors ; huiidmr Schiefer 
in part of others, the cfraiie Schiefer and griine Schiefer of the Swiss 
survey map). 

Whatever maybe the earlier history of these chloritoid-schists, 
they bear the impress of some later and very potent earth-move- 
moni-s. Those have produced the dominan t foliation, which sometimes 
renders the rock almost fissile, and in the jdancs of this cleavage- 
foliation, so far as I could ascertain, the larger scales of chloritoid 
(sometimes ^ inch diameter) have been developed. In the bay, 
south of Locmaria, about the middle of the south side of the island, 
the dip (about 20°) of the cleavage- foliation is slightly to the east of 
south, but afterwards it becomes roughly south-west ; and this 
appears (allowing for local disturbances) to be the prevalent direc- 
tion in the eastern part of the island, the angle of irielination being 
commonly from 15^ to 20°. 

The amphibolites are chiefly developed to the south of liOcmaria, 
and near the Fort de la Croix at the eastern end of the island. They 
occur in bands, a]>parently interstratified wdth the other schists, at 
most about 50 j^arcls thick, but oft(m less. 

Besides glaucophane, which is usually present, they contain 
garnets (commonly abundantly), together with epidote, green 
hornblende, white mica, quartz, sphone, rutile, and hieruatito. They 
arc commonly schistose in stnntture, and occasionally exhibit mineral 
banding, both structures coinciding with the “ cleavage-foliation 
in the chloritoid-schists. The banding is often produced by a pro- 
dominaiico of epidote, sometimes of glaucophane. Occasioiialh", as in 
a case south of Locmaria, tlie amphibolites are rather massive. 
Sometimes, as to the north of th(i Fort do la Croix (where the rock is 
coarser, the garnets being as large as a pea), tliey are eonspicuously 
schistose. Not seldom the amphibolites are rotten, and I believe 
that any one who vrished to collect the rock simj>ly for microscopic 
sections would obtain the most suitable specimens from the rolled 
pebbles on the beach. The schistose structure is not always clearly 
marked, and some of the rock in its mode of dec-omposition reminded 
me of the more massive varieties of the “ chloritio schists^' of South 
Devon *. The constituent minerals have been so admirably described 
by Dr. Barrois in the memoir already c|uoted, that I w ill merely say 
that some of the varieties of the rock are extraordinarily* rich in 
glaucophane. though the individual crystals of the mineral are not 
generally largo t. I quite agree with Dr. Barrois that the crystalli- 
zation of the glaucophane is posterior to the pressure which has in 

* Quart.. Joum. Geol. Soc, vol. xL p. 1. 

t Some of the less schistose fonus curiously resemble, both mocroieopioally 
and microscopically, the glaucophane eclogite which I have described from the 
Val d’Aoste < Mineral. Mag. vol. vii. p. 1). 
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all probability produced the foliation of the rock, for the ci^stals 
exhibit no sign of strain or fracture, but that the garnets existed 
anterior to l£e crushing. These are of a brown-red colour, of 
variable size, but seldom, if ever, more than 0"*4 diameter, com- 
monly less, often about 0"vl, 

The genesis of these glaacophane-amphibolites is a question of 
great interest, to which 1 directed special attention. The rock cer- 
tainly appears intorstratified wdth the other schists ; it is distinctly 
foliated, sometimes banded, and simulates stratification. Jiut I 
agree with Hr. liarrois that wo cannot, therefore, claim for it a 
sedimentary origin*. There appears to be little indication of a 
graduated passtigc from the one rock to the other. As a rule the 
divisional lines are leather sharj). Once or twice I noticed thin 
bands of mica-schist in the ampliibolite, which were difficult to 
explain on the theory that the latior was intrusive. Still, as both 
rocks have evidently been subjected to earth-movements of great 
intensity, which have given rise to the structures now dominant, it 
is possible that the ordinary minor indications of intrusion may have 
been- effaced, and small included masses of the schist may have been 
flattened out by the same cause which has produced the simulated 
stratification of the amphibolite. So that while I will not sx)eak 
positively on a question in regard to which Hr, Barrois, with his 
much greater experience, fears to commit himself, 1 must say that 
I incline to regard these amphibolites as rocks of igneous origin 
and intrusive, hut converted into schists by pressure and recrj'Stalliza- 
tion. The occasional “ puckering of the foliation looks as if some 
movements had occurred after the present crystallization had taken 
place. As to the condition of the schist when the amphibolite was 
intruded I found no cwidenco, except that I noticed here and there 
near the junction some rather lenticular hands which contained 
some large, hut ill-i^ruserved, crystals, apparently of staurolite or 
andalusite. 

(2) The District around QuimperU. 

In this district 1 examined a part of the sea-coast near the 
embouchure of the river Pouldu, a spot about seven and a half 
miles to the south of Quim]>erle, and carried on my work from that 
town ill a north-westerly direction for about throe miles along the 
Bannalec roadf. 

Tlie town of Quimpcrle is built on the rough sloiies of two glens, 

* Dr. Barrois aiiggests a siiuilar explaiiatioa for the banded structure of the 
hombleiide-seliistB at tlie Ldzard. It is possible that ho may be right. That 
foliated schists can be so formed ha** bt*en shown by Mr. Toall, and is proved 
ehjowbere in Brittany, as will be seen. At the same time I did not myself see 
in the He de Glroix nearly such good imitations (if I may use the phrase) of the 
phenomena of bedding as tliere are at the Lissard. Moreover, the amphibolites 
ore comparatively thin bani^, often only a few yards thick, and this structure 
is most conspicuous in their outer part, while the homblende*Bcliiste of the 
lizard are very thick. 

t It would be difficult to find a more picturesque place than Quimperl^ or 
a hotel more pleasantly situated or more comfortame than the Hdtel de^^Franoe 
et d’Angleterre, wh^re I spent five da^'s. 
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wMch unite their waters at the lower end of the town. The 
dominant rook, for about half a league to the north and rather 
more than double that distance to the south, is a strong gneiss 
(mica-^histe granitique of Barrois), a broad zone of which extends 
across the country in a general W-N-W. direction. The commonest 
variety may be described as a moderately coarse, rather felspathic 
gneiss, consisting of quartz, reddish felspar, and dark green mica, 
the last-named mineral occurring in thin irregular bands, with a 
generall}’ parallel arrangement, so as to produce a somewhat foliated 
structure, though the rook is not markedly lissile in this direction. 
Macroacopically the rock recalls to mind some of the Hebridean 
gneisses of Scotland, and of tbe Laurontiaii gneisses of Canada. 
Varieties may bo noticed. A quarry near the river aud the viaduct, 
just below the town, affords a good exposure of the commonest type. 
Higher up, just beyond the last house, we find a more micaceous 
variety, while, still higher up, just within the fuwn, a (piarry shows 
a rock with but little mica, more resembling a fine-grained vein- 
granite. Microscopic examination of the first-named rock shows it 
to be composed of quartz, felspar (orthoclaso and plagioclasb) a little 
decomposed, and a dark olive-brown mica. The wavy outlines of 
tbe felspar, the way in which it encloses rounded grains of <|uartz, 
and the general association of the two minerals and of tbo mica, 
recall to mind a structure which, whatever bo its signiBcanco, 
characterizes, so far as 1 know, the Laurentian gnoissos. 

The finer-grained rock mentioned above (<iuarry inside the town) 
differs, under the microscope, from an ordinary vein-granite, and 
exhibits the same arrangement of the <piartz and felspar which 
characterizes the gneiss just described. Tbe only variations are 
that all the constituents are slightly smaller in size, there is less 
mica, less approach to a foliated structure, and perhaps a slightly 
greater proportion of (juartz to felspar. 

These rocks, then, like many of the older gneisses, give us no 
dominant indication of cleavage-foliation, and wo may venture, I 
think, to say that, whatever be their genetic history, they belong to 
the Laurentian gneisses, though they may subsequently have under- 
gone some modification. Foliation at the first quarry strikes a little 
to the east of N.N.E. ; the dip is towards the western side, and is 
low, not exceeding 15®. This structure, however, may be, in the 
main, a record of a later disturbance. 

Following the road to Bannaloc in a general north-west direction 
we pass at first outcrops of the above-named gneiss. Then we find a 
quarry’ in a fairly well-preserved felspathic granite with two micas, 
the black predominating, and about a furlong beyond we pass a vein of 
rotten felspathic granite, intrusive in a micaceous gneiss, the foliation 
of which I should regard as mainly the result of cleavage, and as 
prior to the intrusion of the granite. At a distance of about 2'4 
kilometres from the town is a quarry in a rotten, rather fine-grained 
felspathic granite (the granulite of Barrois) ; then comes a schistose 
felspathic gneiss (^granulite scJiisteme of Barrois) ; the foliation itx 
the latter appears to me due to mechanical causes. The strike in a 
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pit about 6 J kilometres from the town is very slightly west of north. 
Under the microscope the foliated structure is distinctly indicated 
by wavy bands running across the slide, like rootlets growing in 
the direction of tho lines of foliation. These are occupied by a 
mixture of white mica, often microlithic, tiny scales of brown mica 
(occasionally), an earthy-looking mineral, and chalcodonic quartz. 
Between these bands occur fragments of felspar, an irregular mosaic 
of quartz and felspar, and larger scales of mica. Among the felsjmr 
fragments, which an* sometimes a good deal decomposed, orthoclase 
can, 1 think, he recognized, also microcline, and a little jdagioclaso 
with lamellar twinning. In the most decomposed felspar tin}' scales 
of white nii<*a have often formed. It is rare to find a quai'tz grain so 
much as 0*02 inch in diarae.O'r, but lenticular aggregates composed 
of irregularly outlined and often Hatterjod-1 coking granules, just like 
tho stnaeturc in a mica-schist, are fretjuent ; som(^times the majority 
of the grannies in one of these aggregates show the same tint. The 
brown mica also often occurs in aggregated flakes, and I am inclined 
to refer some associated wdiite mica (uiclosing black flakes to an 
alteration of biotitc. It is to my mind obvious that wo have here 
a case of the formation of a gnoissoid rock from a fairly coarse 
granitoid rock by ci’uslu ng, followed by a certain amount of mineral 
roarrangemcmi. — i. c., a case of cleavage-foliation. My im}>ression 
in the held, Jind it is not contradicted by niicroscojuc examination, 
"was that this gnoissic rock had been developed from the granite 
already described. 

About one kilometre further is a large pit in a very difl’ereut rock, 
tho halleJVmtc of Jkirrois. Two varieties of it occur hero — the one, 
black, eonqjact, with sharp snbconchoidal fracture, behaving under 
tho hammer almost like flint ; the other slightly schistose and 
streaky, ratluT grey in colour, and exhibiting an “ augen-shaicture '* 
on a small scale, Ihuler the hammer tho hitter is more fissile, and 
does not fly into such sharp-edged chi])s. The banding is about 
vertical, striking between E.N.E. and K. Both rocks weather a 
pale grey colour, and are much jointed. In the time at iny disposal 
I could not find any distinct lino of junction between the two 
varieties, but in tho pit the grey rock certainly occurs on both sides 
of the black. On microscopical examination the grey rock i)rove8, 
as I bad already 8U8])ectcd, to be a rbyrdite, in which subsequent 
pressure has produced a slight schistosity. We can still recognize 
the remains of a flow-structure.; the “eyes” are porphyritic crystals 
of felspar ; sometimes they are almost crushed, sometimes they have 
been sheared, and tho one fragment pushed in advance and sUghtly 
separated from the other. One crystal, now about *15 inch long, 
has had its ends ernshed, and the other part split and sheared, so 
that the pieces rest one on tho other like a series of slabs placed on 
the slope. The rock does not appear to have formerly contained 
any large quartz-grains, but two or three flakes of white mica 
resemble an original constituent. The crushing appears to have 
acted nearly at right angles to the actual flow-structure. It has 
developed, as usu^, a minute filmy golden-coloured mineral (seri- 
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csito?), arraaged in slightly wavy bands« which give the brightest 
colours when placed at about 45° with the vibration-planes of the 
crossed nicols. There are some specks of iron oxide, and one grain 
may be brown tourmaline. Of the nature of the black rook it is 
difficult to be sure. There is, as is common with hard, compact, 
flinty rocks, a want of definiteness in its structure. It might 
be a glassy igneous rock, modified by decomposition and other 
mineral clianges, but then we should have expected that it too 
would have shown a schistose structure. The absence of this 
suggests a difference in origin. On careful examination I fancy I 
detect faint indications of fragments, so that I believe this to bavo 
becui (like so many of these hallclli nl as ) a fine-gruiiud tuff. 

On on‘e point I feel certain, namtdy, that these two rocks have no 
relation to the gneissie scries ^. The alteration in them is not more 
than we often find in tlie lower Pala*o/.oie rocks of Jiritain, They 
may he nearly parallelled by specimens from Cliarnwood or from 
Carnarvonshire. They may possildy be rather older than our 
Cambrian, but they might be later than this formation. 

Ih^yond tills pit occurs a telspathic gneiss with cleavage-foliation 
like tJiat alroaclj' doscrila^d. 

To the south of Uiiimjandd the coarse, strong gneiss continues for 
some distance, and is followed by f/rntiiie inica-schiatcn^v then 
comes a zone, some couple of miles wide, occiipic^d by mica-scJiistes^^* 
regarded by J)r. llarrois as generally e<jui valent to tin? schistes a 
chioritofffe of the lie dc' Groix. Ifittie rock is soon by the roadside 
till the coast is ajiproaclied. i only notic.od a very fissile mica-schist 
(about O;} kilometres from Quimxierh*), which mucli rosombles some 
of the Alx>inc mica-schists, in which crushing has jiroduced a cleavage- 
foliation, obliterating all earlier structures. The strike of the 
cleavage-foliation is roughly east to west, and tin? dip very high to 
the north. But on reaching the coast a very interesting series of 
sections is obtained at low tide, just witbin the embouchure of the 
Pouldu, and along the sea-coast to the west. 

The low cliffs in the eastern part of this section afford us repeated 
sections of a very definitely banded gneissoid rock, with some amphi- 
bolit/es and a vein of fiilspathic granite. The first-named rock con- 
sists of bandvS of a rather fine-grained gneiss, composed chiefly of 
quartz and felspar, with a small quantity of a silvery mica of a 
yellowish-grey colour, alternating with a rather darker and coarser- 
grained rock ; the one somewhat resembling a vein granite, the 
other a felspathic gneiss. The bands of the former rock vary gene- 
rally from to 2" thick; those of the latter arc sometimes only 
about I" thick, but arc usual!)' more, and generally dominate over 
the other. Both rocks, but eH]>ccialIy the former, have a “ slabby 
fracture parallel with the mineral banding ; in the latter, however, 

I speak, of course, of this particular hiUUJlinta. The halU jlinta or petro- 
silex of the “ Promenade ” at Quiinper appeared to me a result of crushing of the 
granitoid rock which forms the bill, ana a slide which I have bad cut from 
a specimen taken by Mr. Hill seems to me to accord best with this view ; at 
any rate it indicates intense crushing. 
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the felspar often occurs in rounded grains up to the size of hemp>seed, 
with a greenish-grey mica between. Still it is difficult to explain 
the marked mineral banding of the rock, evidenced among other 
things by the soliditj^ of the paler, and the incohercncy of the darker 
bands, — exhibited both in their weathering and their behaviour when 
hammered, the latter rock crumbling to jdeces like an arkose, — unless 
we assume that it existed prior to the crushing, and of this I think 
we obtain, at least at one point, conclusive evidence. As a rule the 
crush-planes and ai)])arent sfratificiit ion-planes are parallel, both 
striking roughly east to west, willi a di]) of about 45° to the northern 
side ; but at one place we have a section, of which a rough sketch is 
annexed (fig. J ). llcae we have the mineral banding perfectly well 


Pig. 1 . — Diagrammatic slcetch of Contorted Banded Gneiss at the 
t}nd)Oucliure of the Pouhlu. (About 0 feet high.) 



The lmc5s indiculo Ihe ooiirsrs of ihe more coiispicnoiis quarlz-l'elppar bantlp ; the 
interBjwooM the more micaceous parts, M'liich Iiuac a rude cleavage parallel 
with the arrt>w. 


Fig. 1 A.- — Small portion of one of the Contortions shown in Fig. 1, 
ahovt 8 incites in tfiameter^ showint) the (jnartz-felspar hands 
with occastottal crarJrs 2 H(raJieJ with vlefyvar/e. the dotted part being 
the more cleared mwacetnts hands. 



defined, and forming a series of loops, the axes of which are paralle 
with the usual direction of the banding and cleavage-planes, but at 
the top and bottom of the loops the bunds “ wriggle '' across the 
direction of cleavage. Throughout the darker bands the cleavage 
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nms rougHy parallel with the axes of the loops, but where they 
make with it the largest angle it is least definite, and here trans- 
verse cracks, apparently ^ving relief from strain, traverse the 
lighter bands. 

I have examined slices cut from four varieties of this series, two 
of them representing the above-described varieties taken at the 
“ wriggle,” the third, a slab rather intermediate between the two 
varieties, and the fourth a coarser kind which exhibits very distinct 
banding, zones of mica alternating with felsj^athic layers, from a 
quarter to half an inch or more wide. 

The principal minerals in the first rock are felspar, quartz, mica, 
iron oxide, and an earthy-looking substance which, for brevitj^ I 
will call ferrite. The first two are by far the most abundant, and 
the felspar rather exceeds the quartz. The felspar appears ix) be 
orthoclase ; at any rate, the lamellar twinning, usually characteristic 
of plagioclase, is abaorit. The felspar occurs in rather elongated 
grains of irregular outline (Tl. XVII. fig. 1) ; many of these show 
a cleavage roughly perpendicular to the longer axis of the grain. 
The larger grains are much interrupted by inclusions of quartz, 
usually very clear. The form of these varies much : somotimos they 
are rounded or oval spots, occasionally ono or more of the boundaries 
is rectilinear, and they sonietimcs tend to be arranged in ill-dofined 
streams in the direction of the longer axes of the felspar ; thus at 
first sight parts of the slide might be taken for a kind of mosaic of 
rather small independent grains of quartz and felspar, but on apply- 
ing the nicols the uniformity of tint indicates the not unfrociuent 
presence of a single crystal of felspar iTiterruptcd by the quartz 
grains. There are also some elongated streaks of quartz formed of 
a few long interlocking grains which show strain-shadows. The 
quartz, too, tends to parallelism in the direction of its grains, and, 
si)eaking of the slide as a whole, the minerals exhibit a rather 
general uniformity of tint, as if this arrangement held throughout 
in the individual constituents. The mica, of which there is very 
little, is sometimes brown, sometimes olive- grey; irregular wavy 
cracks, marked out by ferrite, traverse the slide roughly in the 
direction alreadj^ mentioned. The minerals in the second slide are 
the same, except that there is less quartz and a good deal of an 
olive-grey mica, in flakes often about *03 inch long. There aro also 
some smaller flakes of brown mica. As in the last slide, the felspar 
grains are interrupted by secondary quartz. Cracks, indicated by 
ferrite, traverse the slide, giving pai*ts of it almost the asjiect of a 
true fragmental rock. The third slide contains similar minerals, the 
mica occurring in fairly thick and well-defined bands. In the fourth 
the arrangement is similar, hut the quantity of mica in difierent parts 
of the slide is variable, and in parts there is marked evidence of 
crushing. 

The mica described above is of a pale olive-grey colour, sometimes 
almost colourless, often streaked with darker lines and with plates 
(hsematite ?) between the cleavage-planes. It is slightly dichroic, 
and, notwithstanding its paleness, I am disposed to regard it as an 
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altered biotite wMcb mineral in an unaltered condition may be 
occasionally detected. 

Just within the embouchure a very singular rock occurs, associated 
with the ordinary gneiss, and overlying a band of amphibolite. It 
is very fissile, and appears to consist of flattened lumps, seemingly 
of white felspar, spotted with quartz, in a grey schistose micaceous 
matrix. The junction with the overlying gneiss is slightly irregular, 
and the scorns rather variable in tiiickness. On examination 
with the microscope I find its relations with the gneiss to be closer 
than I had anticipated in tlie field. The matrix consists of a mica 
simihir to that in the gneiss, alternating with thin bands of quartz, 
lioth have evidently undergone much disturbance. Some quartz, 
w’hich is minute and ehalcedordc, is certainly of secondary origin ; 
but the larger grains appear to belong, like the larger mica flakes, 
to an earlier stage in tlio history of the rock, as though it had been 
broken up tuid recemeuted. The “lumj>s’^ exhi))it the same com- 
pound struci ure as has been already described in the felspar of the 
gnejiss, but the (juartz ixicluBions arc more numerous and the felspar 
is less characteristic.. In one grain these lines of inclusions appear 
to be bent into a studes of arches, the ]>oints of which lie in a line 
roughly ]»arallel with the foliation. Another grain appears to have 
been broken up and reoemented. 

These rocks, then, afford urio<]uivocjil indications of mechanical 
disturhaiioe, undergone after they had assumed a crystalline con- 
dition, and followed by some amount of mineral rearrangement. 
There are als(» marked indications of mineral rearrangomeiit on a 
larger scale, and it is an interesting question how far that is anterior 
or posterior to the crushing. As the bands of mica and, to some ex- 
tent, the inclusions of quartz are parallel with the linos of edeavago, it 
might be urged that these also had indirectly resulted from tlie samc^ 
cause. Hut to my eye the hulk of the mica has ovtsry ap])carance of 
being an original constituent. It is sometimes twisted, pushed, and 
tumbled about, or the ends of the flakes have a “ ])inched-up ” look; 
the linos of fi-acture often cut completely through the felspar-crys- 
tals with their (|uartz-inclusioii8t, and the fragments are occasion- 
ally separated and disjduced (^I'l. XVII. fig. 2). Hence, though 
I should admit that a certain amount of mineral deposition and re- 
crystallization, es])ecially in regard to the quartz, has occurred since 
the crushing, I believe that when this happened the rock was already 
foliated. Indeed, a])art from luicroscojnc examination, I could not 
otherwise explain the discordance of the mineral banding and the 
cleavage already described. Wo have, then, here another case of a 
cleavage- foliation impressed upon a rock already foliated. AVhat is 
the history of this earlier foliation our present knowledge does not 

The “ bh'aching " being due to the concentration of iron oxide in (he cleavage- 
leaned. Cf. the changes which have lHH*n deaerilicd in hy)>erstlieue and olivine. 
Hence the mica has been changed fn>m a inugnesia-potash-iron mica to a 
magnesia-potash mica (perhaps hvdrous). 

•f The uniform tint of these inclusions suggests that they are secondaiy and 
what is often called quarts de corrosion ; but, as stated, I cannot regard these as 
posterior to the crushing. 
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enable U8 to say. I will only remark that it is difficult to explain 
this marked mineral banding without assuming somo original diffiar^ 
ences of arrangement in the constituents of the primary rock. 

These gneissose rocks form the irregular ooast-lino to the sandy 
bay of Kersclec, but we find an interesting variation before reaching 
a headland occupied by an old fort. Here is a band of mica-schist, 
perhai>s 40 feet thick ; it distinctly underlies the banded series 
already described, and overlies a less banded series resembling a 
coarser part of the upper rock, but ratfior greener in colour. A 
similar rock ma\’ be seen at the top of the cliffs near a signal-station, 
and by the fort just bcj'ond is a darkish green gneissic rock*. The 
mica-schist hfis a general resemblance to that at tlie Start Point 
(S. Devon), and has obviously undergone cleavage-foliation. This, 
however, is i)arallel witli the bedding of the rockt. In the sandy 
baj* above mentioned we have more or loss banded gneissic rock 
resembling that whi(^h is already descriVK'd. 

Hands of “ amphiholitt^ ’’ occur at intervals along the coast. 
These, according to the Pronch map, «ri‘ three in number, and two 
of them are marked as extending from the embouchure of the river 
to the sandy bay. Between these is indicated a band of serpen- 
tine ; this, however, 1 did not see. The arax>hiboliie8 appeared to 
me undoubtedly intrusive rocks ; for though they had a geiuu’al con- 
cordance with the mineriil handing of tlio gneiss, 1 occasionally 
detected them distinctly cutting across it (fig. 2), and 1 further 


Fig. 2 . — At the Emboiic7iure of the Ponlfht, 



A. Banded gneiss, the darker B. Amphibolite, crusl^ed and schistose, 

shades representing the more but far leas regularly banded than A. 

micaceoius layers. 

believe that the gneiss was already foliated when the intrusion took 
Xfface, but that the mechanical disturbance w'hich has affected the 
gneiss has j)roduccd distinct scliistosity in the amidiibolites. 

I liavc examined specimens of two of those am 2 >hibolites from the 
western side of the ijcninsida, one rather coarse, the other compact 

♦ The former of these, and perhaps also tho latter, is very likely a continua- 
tion of tho beds mentioned on the shore, but 1 hud not time to jjrove this. 

t Owing to the fi.ssile character of tl»e rock it is jiraciically impossible to 
obtain a sufficiently thin section for accurate microscopic examination. Paris 
of it are almost opaque from the abundance of a black mineral, which, as in the 
specimens from the Start, is probably partly graphite, partly iron oxide ; there 
.is a white mica, and some brown, ana a fair amount of a dichroic greenish 
mineral, rather like the chioritoid of the He de Gvoix. 
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and very distinctly sohisti^. The principal minerals in the former 
are hornblende, chlorite, epidote, felspar, quartz, sphene(?), and 
probably haematite. The rock has a somewhat foliated structure, 
the bulk of the first three mhiorals being associated in rough wavy 
lines, inosculating to form a rude network, and the interspaces being 
occupied by felspar- or quartz-grains, across which are “ trailed ” 
small insulated crystals of bomblondc, epidote, or chlorite. No 
polysynthetic twinning is exhibited by the supposed felspar, and it is 
exceedingly difiiciilt to distinguish some of it from quartz. The 
constituents of the mon5 compact rock appear to he the same, but 
they are much smaller in size, though the hornblende-crystals are 
Bometirnos larger than the rest. This mineral is not of so deep a 
green as in the other rock. 1 suspc'ct, though I have not been able 
to prove it, that a liglit-coloured variety of augite is also present. 
A rough parallelism of the constituent minerals, without giuch ten- 
dency to banding, is very conspicuous. From the slide alone one 
would have identified the rock ns a hornlilciido-schist without hesi- 
tation. In these specimens molecular rearrangements appear to 
have entirely obliterated the lines of cleavage, which have remained 
BO conspicuous in tlio associated rocks*. 

Though 1 twice visited this locality, 1 was not able to carry’ my 
examination furtber than the Hay of Kerstdcc, end then could only 
examine the licadland forming its eastern boundary from the to]) of 
the cliffs, their bas(^ being washed by the sou. Its western boundary, 
how’over, acaioiding to the French map, re])cat8 the sections which I 
have already doseribed. 

A section on the Helon river to the south-west of Quirnporld is of 
so much interest that, although at some distance from the lino 
described above, I Avill briefly notice it. The new road, descending 
to a ferry, ])asN<'s over a coarse gneissoid granite, which is well ex- 
posed on the shoHi below. Above the ferry-house is a fine-graiued 
mica-schist, dark grey in colour, with a marked foliation, striking 
slightly south of west, nearly vertical, but perhaps dipping on the 
northorn side. Just below the forry-houso are several small vcin- 
liko intrusions of fairly coarse granit-e, and further down the estuarj’ 
we reach the main mass of the granite. The effecds of pressure on 
the intrusive granite are very’ interesting. The Avholo has been 
affected by cloavage-foliation. A vein, comparatively thin, and 
lying perpendicular to the pressure, luis been still further elongated ; 
one transvi^rso to it, or thick in section, has been distorted or zig- 
Tho normal mica-schist or micaceous gneiss consists 
of quartz, biotite, a white mica (in rather smaller scales), and a 
granular mineral^ probably’ felsjiar rather decomposed, with one or 
two small garnets. It has evidently undergone compression, suhse- 

* Near the most, northern of the amphibolites a dyke of felspathic fine- 
grained granite {mi<ir0-ffranuHte, JJarrois) cuts right across the strike of it and 
the banded gneiss. It is much decomposed, contains either two felspars or 
crystals of a felspar in a felspathic base, no great amount of quart*, and black 
mica, some in well-developed hexagonal plates. I have not examined it with 
the inicrosoope. It shows no signs of being crushed. According to the map 
this dyke occurs at intervals for about a mile along the west bank of the river. 
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quent to the ozystallization of its oonstitaents ; bat the indications of 
crusliing are not quite so clearly marked ^ I had anticipated, some 
of the biotite having escaped with little change. I should conjecture 
that the rock was originally a rather fine-grained micaceous gneiss, 
fairly homogeneous in structure, and that the pressure had been 
oblique to the original foliation. Tho results of crushing are far 
more marked in the granite. It has cvidentlj’ been a coarse-grained 
rock, com]>osed of quartz, felspar, and mica. Parts of the slide show 
where the rock has been utterly crushed, and consist of a sort of 
mosaic of quartz, decomj)osed felspar, and mica. In other parte 
large fragments of the original felspar crystals still remain. Whore 


Fig, 3. — Small intrusions of Conrsr (rranite in a Micaceous Gneiss^ 
both showinrf effects of pressure, Near the Ferry Ilouse^ Belon 
River. (Size about 0 j by foot.) 



at first sight there appear fair-sized grains of quartz, application of 
the nicols shows these to be composite in structure, though often one 
tint predominates in the constituent grains, llocementation, how- 
ever, is complete ; but tho borders (that is, we may presume, the 
cementing material) are often differently coloured from the grains 
on either side. Tho brown mica forms irregular lenticular bands 
lying in the general direction of the cleavage. It is rare to find a 
flake *02 inch long. Commonly the bands are made up of aggregated 
flakes about *01 inch long or less. Here and there is a fair amount 
of a white mica ; part may be a true secondary product, but some, I 
think, is only an alteration form of the biotite. I feel convinced 
that these streaks of biotite owe their origin to a crushing up, per- 
haps sometimes to a crushi^ together, of the large flakes which 
existed in tho unaltered granite. I may remark that both in the 
nuc&^hist and in the granite reconsolidation appears rather un- 
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natially complete. A specimen of granite from the hillside, obtained 
from a cutting, and so unweathered, recalls to mind some of the 
granitoid rocks associated with the oldest Archmans. I may add 
that, even in the thin veins, the granite is almost as coarse as in 
the mELSs, and yet the adjacent mica-schist 'shows no appreciable 
alteration. 

(ti) JRoscoff and Morlaix District, 

The low cliffs and skerries on the shore on the west side of 
Boscoff', a (juaint little sea-port, some sixteen miles to the north- 
west of Morlaix, oxhil^it sections of great interest. The following 
rocks occur: — (1) Banded gneiss; (2) a moderately coarse-grained 
poqdiyritic granite, rather dark in colour ; (IS) a rather fine-grained 
and lighter-coloured granite ; (4) amphibolite. 

(1) This gneiss is a rather fine-grained rock, consisting (macro- 
scopically) of quartz, felspar, and mica, chiefly black. The banding 
is very distinct, and is brought out in wu^athcring, one set of layers 
containing more (juartz and Jess mica than the other. Thus the 
former are paler in colour, of a yellowish or reddish-grey tint ; they 
yield slowdy and uniformly, and project in little siahs ; the latter 
arc a dull or brownish grey, they crurahle away, and develop a 
fissile^ structure. The annexed sketch may save a lojjger description 
(fig. 4). The more (pinrtzose layers are often rather less than 




QuarUo-fVls|uilliic baiuls, with 
some mica, slightly foliated. 


B’ 1 More !niea(!eous bands, with much 
JJ, f more aj>pearanco of crushing. 


hut they are found up to 2" or B", and occasionally more than 12" ; 
the micaceous layers arc thicker, and a micaceous streak not seldom 
occurs iu the thicker (juartzoso bands. They tipjK*ar to pass into 
one another, but the change is rapid. The beds are a good deal 
twisted, but tho general strike appciired to mo between W.S.AV. and 
8.W., with a dip of about (10° on the southern side. There are, 
especially in tho micaceous layers, indications of a cleavage-foliation 
coinciding with the stratification-foliation. One crag, however, 
beautifully illustrates the independeuce of these structures. Here 
a roll has brought the stratification-foliation to make a low angle 
with the horizon, and the cleavage can be discerned maintaining its 
normal direction and cutting across it (see fig. 6), 

The chief constituents of these rocks are quartz, felspar, and a 



0£1>BR iEtOOKS OV VBXXTA'HT. 


315 


dark olive-brown mica, with an occasional crystalline grain of tour- 
maline and of a miner^ which I have not succeeded in identifying 
The quartz and the felspar grains have the subangular or subrotund 
outlines which seem to be characteristic of the older gneisses, and 

Fig. 5 . — At lioscoff. 





A -B. Bines of mineral banding. 

C - D. Bines of slight rmle ch ii\age. 


the foriru r are occ asionally distinctly elongated, with a slight linear 
association, and have some aj>pearance of strain-polarization. Among 
the fcdspars plagioclastic twinning is seen, but many grains are un- 
twinned. The mica occurs in A\ell-devcdo}»ed Hakes, often about 
•02 incli long or rather less. Thcw liavo a fair tbieknoss perpen- 
dicular to the basal plane, the proportions in the sections being about 
1 to 4. 'I'hey lie roughly i)arallcd with the minc^ral banding. The 
crystals are well developed, and do not genc'rally appear compressed 
or crushed at the edges. In the. more micticc'ous layers there is also 
a marked diminution in the quartz, and ])iagioclustic* twinning is 
much more common in the fedspar. There is also niorc^ of the 
unidentified mineral. This gneiss upi>ears to bc^ very little aflected 
by the intrusion of the por])hyriti(‘ granite*. A slice cut from a spe- 
cimen taken from within 4 or 5 inelies of a junction does not differ 
appreciably from ap]>arontly normal s]jecimenH ; atnl even at a junc- 
tion whore the granite, interpen ctraites and a])pears to tw fused into 
the gneiss, the latter in parts of the slide ret ains its normal tdiaracter. 
Yet the granite is fairly coarse and j)ori)hyritic to tlic last, so that 
the temperature of the surrounding rock must have been liigh during 
the solidification of the former. Hence 1 conclude that the latter 
had assumed its present mineral condition t»cfere the intrusion of 
the granite. In the case where a faint cleavage is seen crossing the 
stratification -foliation, both the quartz and the felspar, csp(5cially in 
the larger grains, indicate strains. Many parts of the slide have a 
peculiar fragmental aspect, not as if there bad been absolute crush- 
ing, but as though the grains Lad been separated, slightly displaced, 
and recemented ; indeed, I am almost certain that sometimes two or 

* It occurs sometimeH in roundisli grains, but s<anctimcH in iinj>orfcct prisms, 
angles about 1 being occasionally shown. In texture, and faint bluish tint 
it a little resembles apatite. It seems to have two imperfect cleavages, nearly, 
if not quite, at right angles. It encloses rarely brown mim, zircon (?), and 
cavities, and it, shows (also rarely) a brown decomposition-product. It is rather 
feebly doubly refracting, which adds tx> the difiiCulty of determination but I 
think it is not uniaxial. S 
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tbar^ grains have once formed portions of a larger one. The mici^ 
flakes also appear often as if they had been twisted out of their 
original position, and the bands themselves are sometimes rather 
rumpled. In short, the microscopic structure of the rock recalls 
that which I have observed in other gneisses and schists which have 
been exposed to a pressure not sufl&cient to develop a marked cleavage- 
foHation. 

(2) The largest mass of the porphyritic granite is near the eastern 
end of the section examined. The same rock, I believe, forms the 
numerous skerries and tors cast and south-east of the toAvn. This 
granite cuts both the {imi)hiholite and the gneiss being completely 
welded to, and sometimes including strips of, the latter. As said above, 
it is coarsely crystalline ui^ to the juiiciion-suriace ; one would there- 
fore suppose that it cooled slowly. Microscopic examination shows 
it to consist of <piartz, felsj>ar, brown mica (partly altered hero and 
there into a green mineral), and a little apatite and iron oxido. 
Some of the felspar is orthoclaso, Avhich is, in places, much altered, 
being replaced ])y minute kaolinit-ic and micaceous minerals : hut 
plagioclfisc is more common, showing lamellar and ‘‘ pericline 
twinning. Tho rock h;ia sometimes a slightly foliated aspect, and 
under the microscope shows indications of disturbance, though this 
is less marked than in tho gneiss and tho amphibolite f. 

(M) Tho fine-grained granite occurs in irregular dykes, cutting 
right across the handing of the gneiss, and including fragments of 
the poq)hyritic granite (fig. 0). In one case, at its junction with 


Fig. 0 . — yif lioscoff. 



A. Gnrise.banding very distinct.; lighter C. luchidtHl fragment of dark por- 

layers, aomotimefl fwU ^ inch thick. phyritic granite. 

B. Fine-grained granite, D. Quartz-felspar vein. 


* In one case it has lifted up and bent into a curve tho top bauds of tho 
gneiss. 

t One or two grains show ** corrosion quarts/* and in others the 
twinning occurs in a part of a ^rain only, near to a slight bend, which seems 
favourable to Professor Judd*s view of this twinning b^g sometimes doe to 
subsequent mechaniyl action. 
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the gneiss, it is bordered by a quartz-felspar vein, sometimes banded 
with tourmaline. The vein ” seems to “ muddle up ’’ with the 
granite, but is sharply divided from the gneiss, into which it sends an 
ofishoot. This granite exhibits no signs of mechanical disturbance. 

(4) The amphibolite is a dark hornbiendic rock, sometimCvS con- 
taining black mica. In some places it seems to be in terst ratified 
with the gneissic rook, but as the thickness is variable, and it occa- 
sionally cuts obliquely across the bands of the other, I consider it 
intrusive, though it not seldom follows planes of an earlier foliation. 
A more or less foliated structure, which is parallel with that domi- 
nant in the gneiss, is visible in the different masses ; there is no 
indication of a contact-motamorphism in the latter, and I fully 
believe that the gneiss w as a foliated rock wluai the “ amphibolite ” 
was intruded, but that both were afterwards subjected to considerable 
pressure, A specimen of the amphibolite, which inacroscopioally 
closely resembles the darker more homogeneous varieties of the 
hornblende-schist at tlie Lizard, has for its dominant mineral a dark- 
green hornblende, exhibiting strong diebroism. cleavages 

parallel to go p are well developed, and erystfil faces ccp and 
oop'cxj arc not rare. I'be grains commonly measure *02", or a 
little loss, in the direction of the vortical axis, and rather less than 
•01" in the direction of the clino-diagoual. A colourless mineral, 
sometimes slightly “ powdered " with ferrite, which has consolidated 
after the hornblende, comes next. It is difficult to bo sure whether 
this is quartz or felspar, but the latter mineral is prosfmt. A little 
biotite, a few grains of iron oxide, a dirty-lof)king mineral which I 
think probably an impure e])ldoto, and some small crystalline grains 
which 1 take to be sphcnc also occur ; thus the resemblance of this 
rock to some of the Lizard hornblende-schists is very striking. 

Gneiss and granite, fis above described, are traversed by the rail- 
way some little distance to the south of Iloscoff, and arc then 
succeeded by slaty rock. Morlaix affords excellent opportunities 
for studying the effects of pressure and of igneous intrusion on 
ordinary sedimentary rock*. The deep and craggy valley in which 
this quaint old town nestles by the riverside, the <juarries, the road- 
side cuttings, and even the blocks in the rough-built walls which 
prop up the terraced gardens, afford endless studies of the results of 
pressure. The dominant rock formerly consisted of a dark clay 
closely interbanded with grey silt or fine earthy sand. As a rule tho 
bands of the latter do not now exceed J ", and arc often thinner. The 
former arc often over 1", and sometimes the argillaceous rock is free 
from the sandy brinds. The planes of cleavage and of stratification 
are verj' commonly coincident, but the bands indicative of the latter 
constantly zigzag and wriggle acroas the former. The sandy bands 
only exhibit a faint cleavage ; hundreds of examples illustrate how 
they thicken in one part of a crumple and attenuate in another 
under the alternating action of thrusts and strains. Cleavage is 
highly developed in the dark bands ; its surface-planes are often 

♦ Dr. I> Hir (Bull. Soc. Odol. PV. 2« b6t. i, xxviii. p. 87) conaider» the rock 
about Horlais to be of Devonian age. 

aj.G.a Ko.171. « 



aiid firequently rumpled or wavy. A minute filmy 
(eeridte?) has been developed, with rutile &c. ; but every change is 
micromineraloglcal, not gpreater than may be seen in the Palaeozoic 
ro<to of Wsdes or of 8. W. England, in the Jurassic or Carboniferous 
slates of the Alps, or in the Cambrian of the Ardennes. The rock, 
at most, can be called a phyUite ; it is perfectly distinct from one of 
the true crystalline schists already described. Still it is both inter- 
esting and instructive to observe how close are the superficial struc- 
tural resemblances of these banded slaty rocks and some of the 
banded crystalline schists. Hocks might be found at Morlaix which 
in a photograj>h (but only in a photograph) would be undistinguish- 
ablc from some of the banded and, presumabl}^ less ancient schists 
of the Alps or other similar regions. In one (juarry on the Huol- 
goat road (near the town) I obtained an exccllont example of a 
second cleavage, formed by a crumpling of the ordinary cleavage- 
layers, which hero very probably agree with the stratification — a 
true *‘'‘Amweicliung8clivage.^'^ 

The effects of contact metamorphism are also beautifullj^ exhibited 
in many places. Bometimes, however, it is surprisingly slight. A 
dyke of folsito north of the town^ barely indurates and does not 
bleach the dark slaty rock adherent to it ; in another place, cast of 
the town, we find a vein of moderately coarse granite converting a 
dull grey slate into a greenish-coloured “ porcellaiiito.^’ About 
Chapel du Mur, cliiastoUte and a minute black mica arc developed ; 
and in one place 1 found, in a black “ phyllite,” crystals of chiastolito 
full *2" wide and an inch or more longf. The lluelgoat road also 
affords some excellent illustrations of contact-metamorphism, which 
I have examined with the microscope. They lead, however, into 
more than one interesting, but rather wide-reaching question, so 
that 1 think it better on the present occasion to content myself with 
this brief notice, and to recur to them in a future communication. 
Suffice it to say that the minora! changes in the most highly altered 
among them resemble those which have been described in the 
Bkiddaw slates near the granite of Sincii dill, and that these results 
of contaet-metamoridiism difibr greatly from the gneisses and schists 
commonly considered of Archman age, and such as are described in 
this paper, though possibly they may furnish us with some valuable 
suggestions as to the genesis of the latter. 

Coturluston, 

My work in Brittany, of which I have now described the more 
complete portions, leads me to the following conclusions : — 

(1) That the great central folded trough of Lower Paleeozoic 

* The dyke is about 4 feet thick. In the field, I took it for a mierograuulite, 
but the part in contact with the Mlate up^iears, under the microscope, to have 
been, if not glassy, not more than cryptocrystalline. The J unction and some 
included fragmenta of the slato prove that to have been cleaved and to have 
become a “ }myllite” prior to the intrusion. 

t 1 failed to find good sections, and chiefly examined loose blocks, so cannot 
say how near these were to intintsive rock. * These rooks had a general reaem- 
to the altered rooks of Skiddaw. 
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rocks is bounded on the north and souths and is pxohal:dy underlain 
continuously, by gneisses and schists. 

(2) Both the PalsBOSoio and the older series have been pierced by 
various igneous rocks, of more than one geological age, some being 
even later than the last great earthomovoments. 

(3) The intrusive igneous rocks have in some cases greatly altered 
the Palmozoic rocks, but appear to have produced little effect upon 
the gneisses and schists. 

(4) The action of contact-metamorphism on the Palceozoic sedi- 
ments docs not produce rocks which resemble the presumably Arcbcean 
gneisses and schists. 

(5) The action of pressure-metaniorpliism on Palaeozoic sediments 
has in no case produced a rock which is liable to be confounded with 
the gneisses and schists of Archaean type^. 

(CJ) Although in cci*tain cases igneous rocks have been, in conse- 
quence of these mechanical actions, converted into gneisses or schists, 
yet many of the gneisses and schists evidently were true foliated 
rocks anterior to the above earth-movements, and the latter rocks 
exhibit structures verj^^ analogous to those of stratification. At any 
rate, even if they be only igneous rocks modified, tliis modification 
was most probably anterior to the commenoomeut of the Palajozoic 
ago.*' 

Further, the close mimicry of stratification indicated by repeated 
mineral banding in the gneissic series, not in rare and solitary spots, 
but over considerable areas and in widely separated districts, makes 
it difficult to understand how this can be exjdained by any rolling- 
out of a complication of veins of igneous rocks rather diverse in 
composition. The absence, from the best-preserved among these, of 
structures which are known to be characteristic of igneous rocks, or 
are indicative of crushing, and the presence of structures definite in 
kind, whatever be their significance, suggests that either the meta- 
moriihism from which the present condition of the rock resulted 
must be carried back to a very remote past, presumably before Palae- 
ozoic times began, or there must be some unknown peculiarity in the 
genetic history of the rocks themselves, 

(7) Hence, making every allowance for the various effects of the 
above disturbances, there is to be found in Brittanj', as maintained 
by Dr. Barrois and other P'rench geologists, a great fundamental 
mass of true Archmau rock, that is, of rock which, whatever be its 
genetic history, had become what we should call gneiss and schist 
before the earliest Cambrian rocks were deposited f. 

* It is true T did not see the lowest group in the Brittany Oarabrians, the 
Schistcn de St. Lo, but Mr. Hill's deserintion of the section of the Bower Cam- 
brians at Ororon (on the sea-eoast, south side of the inlet near Brest) was so 
clear that I deemed it needless Lo spend a day in \isiting it. The rock at Brest 
is a rather micaceous gneiss, of very ancient aspect. 

t yote, June 1887. — After this paper had been read, I received a cow of 
a note on the French excursion to Brittany b^y Professor de Lapparent fRer. 
Sdent. 1887. p. 38). He concludes tiis description with this distinct expres- 
sion of opinion : — “ La Bretagne d^ontre-t-elle, d’une maniere indiscutable, 
Pexistence d’un terrain nortuid de gneiss et des sebistes oristallins, ant^rieur 4 
la a£rie s^dimentaire. Ce terrain est remarquable par la persistence de sa com* 

2 2 



Tw pointi of yet wider Interest claim our special attenticct. 
One is ^6 remarkable Htbologioal amilarity between many ^ of 
tbe above-described rooks and those which in other areas are, with 
more or less certainty, identided as Archa&an. The banded gneiss of 
thePonldn and of Boscoff, especially the latter, constantly remind^ me 
of the more typical members of the “ granulitic ” series at the lisard. 
Both also, but especially the former (where the results of pressure 
are more marked), sometimes recalled some members of the “ newer 
gneiss** of the Ilip:hlands, especially those which occur some distance 
away from the northern outcrop. Both, again, often reminded mo of 
some of the finer-grained rocks among tho indubitable Hebrideans 
of Goirloch and the I^aurontians of Canada. In some parts of Brit- 
tany (as at Qninipcrle) I was also reminded of tho coarser gneisses 
in the last-named country, of the coarser Hebrideans of Heotland, 
and of rocks which, in the Alps and elsewhere in Europe, are believed 
to be their representatives. Sometimes, moreover, I observed mica- 
schists, which might bo matched in the Alps, in Scotland, and other 
European localities. T)r. Barrois and other French geologists con- 
sider these Breton rocks to be Archman, and I cannot doubt that 
they are right. It may be wiser to abstain at present from specu- 
lation as to the significance of these coincidenc(‘s, but at any rate 
they arc facts which must have some moaning, and which it would 
be unphilosopliical to ignore. 

Tho other point is the close geological rest'mblance between 
Brittany and the south-x^cst of England. In each district we have a, 
mass of Pnlopo/oic sediments, up to tho Carhoniferous, resting on a 
floor of Archirtm rocks. Eachdistiict has lioen affected b) great earth- 
movements, of which tho most clearly marked in either, at tho 
present time, seems to have closed the Carboniferous epoch of sedi- 
mentation. Each, omitting minor flexures, forms ii broad synclinal ; 
between those was an anticliiml, now occuj>ied b;^ thf' sea, from 
which only a fevr fragments of tho basal rock-masses project. To 
the north o£ tho English districts is another anticlinal, occupied by 
tho Bristol Chaim el, followed by the synclinal of the South-Wales 
Coalfields. Hence, towards the end of tho Pola?ozoic period, a great 
Highland mass must have existed in this Franco- British region, 
which, oven if wo leave out of consideration the South-Wales area, 
was not less than 1100 miles wide across the general strike of tho folds. 
To its altitude we have no clue, but its breadth must have exceeded 
that of tho Alps*, and probably it extended westward beyond the 
south-western angle of Ireland, while traces of it can be followed 

positioii, en qaeJquo lieu du cUtbe qtfon robeervo. Ce n’est que par une exten- 
sion toot k fait aSueire de Vidde du m^tainorphiune qu’on a pu penser parfoie 
k supprimer lea aohiatea eristallins de la e^rie obronologique, pour n*y voir 
qu^une modification capable d'afieoier dcs s^imeuts dkge quclconque Pour 
tout esprit non prkvenu, lea fait observe en Bretagne noua aemblent de nature 
k donner lo coup de grkM k oette manikre de voir.** 

* The breadth of the folds, and the not unfreqoent abeeneefrom conaiderablie 
parti of the district of a marked cleavage-foliation at a high aa|^ sttggeste 
that the vertical elevatioii pf the chain may have bemi kos, oomparadvely speak- 
ihg* than in the Alpe. 
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«M i» 0 W fiowwbere wome of its liighesfc Bmninitfi may have xtoa ; its 
only looOTd is preserved in tbe low plateaux and oomparatiyely liumtla 
bill* of Cornwall and Devon, of the Channel lalaads, and of Brittany. 
Millions of ouhio yards of rock must have boen removed by denuda* 
^on, which must have helped to form the conglomerates, sandstones, 
and clays of the Secondary and Tertiary deposits of Southern England 
and North-western France. like the Alps, this great mountain 
massif consisted of a foundation of presumably Archaean crystalline 
rocks, which, after undergoing extensive denudation during a long 
interval of time, was affeoUid by a downward bending of the earth*s 
crust, and received great accnmulations of sediment, obtained, no 
doubt, by the destruction of more remote portions of the ancient land- 
surfaces*, and then the whole, by new carth-movements, probably 
in new directions, was again upheaved ; the fundamental crystalline 
rooks, both igneous and “ motamorphic/’ were foldtxi and, in 
places, crushed so as to assume a cleavage-foliation, while the softer 
and newer sedimentaries were more markedly jilicated, were often 
cleaved, and in some places underwent other modifications from 
intense pressure. But in the Alps, although there apj>ear8 to have 
been a precarboniferous movement of some importance, the great 
downward bending did not commence till at least some time after 
the mountain-making process had ceased in the other region. The 
one great geo-synclinal is of Palceozoic, the other is of Mesozoic age. 
The one mountain-mass belongs to the close of the PalsDozoic, ttie 
other hardly began before the commencement of the Cainozoic, and 
was in process of making during the earlier half of that period. As 
yet, sufficient materials hardly exist for the classification and corre- 
lation of the greater earth-movements which have modified the 
physical structure of the European region, but they are gradually 
accumulating, and cannot fail some day to lead to most importan# 
results. 

EXPLANATION OP PLATE XVII. 

Figt 1. Section cut from one of the more quartzo-felspathio layers in the con- 
torted banded gneifis at the estuary of Le Pouldu. ( X 27.) 

The ^ure shows one of the elongated irregular grains of felspar con- 
taining inclusions of quartz (left white), and with indications of 
cleavage>planes roughly at right angles to the longer axis of the 
grain. This lies in a ground-mass of granules of quartz and felspar 
(chiefly), the latter sometimes occurring in elongated streaks. (See 
p. 309.) 

Fig. 2. Section out from one of the more micaceous layers in the aboye-named 
rock. (X 27.) 

The figure shows the elongated felspar grains (as in fig. 1 ) broluMa noA 
displaced. The rock contains crystals of mica of fair size and 
apparently original oonsUtuents, in the direction of which iJwcradbi 
trayersing the slide often run. 

(For the Discvssiok on this paper see p. 335.) 


* On thissuM^ there is a suggestive paper by Dr. Barrois in Ann. Boc, 

Betid, fe. xi. p- ^8. Tha oentnOarea (^t now oooupied by the weatm part 
ibe Bnglieh ^^^aanad) appears to hare remained longest aboye water. 
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24. Tht Books of Sabk, Hebm, and Jbthoit. By the Bev. E. Hill, 
H.A., F.G.S., Fellow and Tutor of 8t. John’s College, Cam- 
bridge. (Bead March 23, 1887.) 

CoiiTEKTS. 

1. Introduction. 

2. I'lio Ilornblendc-scbiate. 

3. The Oreux-Ilarbour Gneiss. 

4. The overlying Gmnitic Eock. 

r>. Veins and Dykes. 

6. TTerni and Jt^tbou. 

7. General Conclusions. 

1. Introduction. — Hark, more fortunate than Guernsey, has the 
advantage of a good sketch map, which was published by Professor 
Liveing in vol. iv. of the ‘ Proceedings of the Cambridge Philoso- 
phical Society.’ The accoiint of the geology which accompanies 
that map notices the principal feature, one singular and possibly 
unique, namely a series of conspicuously banded hornblcndic schists 
between an upper and an under gneissose scries ; that is to say, 
there seems to bo a series which is presumably stratified in the 
midst of apparent gneiss. Thinking that such a succession might 
throw light on some problems of “ metamorphism,” 1 undertook a 
careful examination of the island ; and the widespread interest now 
taken in ‘ Archiean ’ rocks emboldens mo to give a brief account of 
my results. 1 owe a debt of gratitude to Professor Bouncy for fre- 
quent and invaluable holi). 

The appended map (fig. 1 ) shows a diamond-shaped area about two 
miles long by one and a half broad, united at its southern end by a 
narrow isthmus to another about one mile long. 'Ihis neck, called 
the Coupee, 200 feet above high-water mark and about 8 feet wide 
at the summit, is one of the island sights. The weather is rapidly 
cutting it down, and but for the roadway built up along its knife- 
edge the two areas would by this time he practically separate. Even 
a landslip had seriously increased the 
degradation. Previous writers have pointed out that the same 
action in a less advanced stage is proceeding at the northern ex- 
tremity (by the cleft leading to the Boutiques Caves) ; while on the 
west the separation of Brecqhou is complete, and on the east rocks 
called the Burons are relics of the final stage. But, in truth, the 
like has been happening all round on exory side ; islets, rocks, and 
shoals in almost every direction are witnesses of the progress of 
destruction. The rock, though hard, is traversed by numerous 
fissures (usually faults of small throw), and to these are principally 
due, as well this destruction as also the abounding pillars, arches, 
and caverns which give to the scenery of Sark such singular 
charms. Ouernsey boasts but a single cave of importance, while 
Bark has several of the first order, and not a bay there is without 
two or three of at least some interest and beauty. 
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1 , — Geological Sketch Map of Sark and Neighbouring Islets. 
(Scale 1 inch to 1 mile.) 



The interior of the island is a tableland, of wliich the highest j>oint, 375 feet 
aboTe the sea, is at the Mill. The cliffs rise in general to about 200 feet, 
but on the north and south, and also on the west of Brecqhou, there are 
slopes down to the sea. The base of the cliffs is seldom accessible, and 
except in a few of the bays no beach of any kind exists. 


ttET. B. HILT, oar ms books of 

2. 3^^ H(yrnhl€nde^»chigt8 . — ^The hornblende-schists, which £>nn 
the greatest part of the island, may be studied in any of the acces- 
sible bays, but most conveniently at Port du Moulin, on the north- 
west coast, whore they are also most typically displayed. Here 
cliffs aV)out 150 feet in height, with an aperture pierced near their 
summit and a (juarry at a somewhat higher level, give full oppor* 
tunitios of examination. Tlio rock is beautifully banded in alter- 
nate dark and y)alo layers, which are often so tine and thin that an 
inch will contain four or hve. The pale stripes are the narrower, 
and consisl of fols])ai}iic matiirial, with some occasional ejuartz. The 
darker bands consist, to the extent of two ihirtls at least and some- 
times almost entirely, of bornldeiide in iin<‘ irregular grains, pe rhaps 
about *02 inch in longer diameter. At the base of the cliff the 
homhlendit! bands thicken up to a foot or so, and have less admix- 
ture of other constituents. Their grains are coarser, reaching 
^ inch : and a parallelism in tlieir lie gives a silky lustre on surfaces 
when split. In some of the low<‘st beds occur patches of aggregated 
lustrous black honihlende, in pieces inch long: ns those are siir- 
nmiuled hy a whitish border they are probably segregations. The 
general i>artill(disni of tlio layers is not everywljere comj)lete ; some 
lamincD are of vary ing breadth, others iven lenliinilar ; her(‘ and there 
a layer inelim^s down towards, and unites with, that below ; thus 
there are indications of current-bedding, and these* are confirmed by 
a S(‘ction in the cliff Jit the Jiorthern corner of the bay, so clear and 
large as to leave no room for doubt (tig. 2). 


Kig. 2 , — /tnefy show}} in I /ot'nhlcnde~ schists at the 
north-east comer of Pnrt <(a Movh'n, NoeX*. (TT(“igbt about 
12 feet.) 



The beds hero, at Port du Moulin, lie almost horizontal; the 
very gentle dip they have is westerly. 

The hods of nearly pure hornblende just described lie in perfect 
conformity and continuity upon a thick bed of somewhat different 
appearance. This is composed, to nearly half its amount, of felspar 
in grains of about ^ inch across, hornblende being only the second 
constituent in amount ; black mica also occurs plentifully in rather 
minute hakes. At Port du Moulin a thickness of about 10 or 15 feet 
of this bed is exposed at low tide, but in a bay | mile further 
south there is as much as 30 or 40 feet ; no lower rock can be seen at 
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eiUier place, and in each direction the dip oaarriee it gradually 
out of sight. 

The description above given of the series serves with sufioient 
correctness for the whole of the western coast, from Lea Auteleta 
to La Coupee, and for the beds on the island of Brecqhou. The 
cliffs of this iron-bound coast are very difficult of descent; they 
give a continuous section, but rarely grant a view of it ; however, 
the outcrops along their upper edge show no more differences than 
weathering would naturally cause. In the Havre Gosseliu (where 
landings are effected by an iron ladder up a rock, followed by a cliff 
sealed with the aid of ropes) the banding is not conspicuous, but 
will be seen on examination. At Poit es Saies (where also a rope 
assists) the beds are banded just as at l*ort du Moulin, save that 
the bands are somewhat thicker. The dip, wdiich wtis W. at Port 
du ^[oulin and almost nothing, is W.S.NV. about 20 ° at Havre 
Gosseliu and Port es Saies, and veers still uiore towards the south 
as the ('oui»ee is approached. Just beyond this the beds dip at an 
angle of 30 due south, and pass below a higher formation, to bo here- 
after dc'seribed. North of Port du Moulin the dip-directions have 
some north in them, and the disappearance takes ])laec in the same 
manner beyond Lea Autolets, but in a ebdt wliich appears inacct^- 
sible, so that the succession caniiot so well bo observed. 

The .series as seen on the east coast is ciHsentially the same on 
the west. Tliere arc the same alternate bands of hornblendic and 
felsitic materials, only the texture is somewhat more sandy, and 
the })ands not nearly so minute ; the 8tri|)e8 range u]> to an inch or 
two of pale and a foot or so of dark. <)rjo s})ecimen I have (from 
Dixeart Bay) is very coarsely crystalline, and somt^wbat reminds 
mo of some of the coarsest felspathic grits of Ch am wood. The beds 
are best seen in Hixeart Hay, and in the loss accessible Bay Derriblo 
(or Terrible ), where a natural shaft (tlie Creux Horrible) gives a clear 
vertical section of more than 100 feet. One or two more quartzoso 
beds, 2 or 3 feet thick, not unlike some of the Lizard granitoid beds, 
occur in the buy south of the Eperquorics, and must therefore belong 
to the summit of the sj^stem. At the Lizard there are successively 
in descending order a series including granitoid bods, a hornblendic 
series, and a micaceous series. In 8ark we find a hornblendic 
series, with a few more quartzoso beds near its summit, and low 
down (at Port du Moulin) a thick mass containing a good deal of 
mica. The similarity is curious, but can scarcely be more than a 
coincidence. 

Kound the Bay Derriblo the dip is N.N.W., but in general along 
the east coast the beds incline westward in directions that radiate 
&om the Creux harbour, the easternmost point of the island. As 
the highest point of Bark is 375 feet above the sea, those beds hswe 
a thickness of at least 400 feet ; allowing for the dii)s, G<K> seems 
probable, and there is a possibility of very much more. 

The question of course suggests itself, What is the origin of these 
beds ? I do not see how this uniform alternation of varying ma- 
terials, with parallelism nearly perfect, yet occasionally interrupted. 
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and “with varying thicknesses, so nearly horizontal over so great an. 
area, with such a freedom from disturbance, can possibly be due to 
anytiiing except successive deposition, which, however, need not 
necessarily have been subaqueous. The series bears an extremely 
close resemblance to the hornblende- schists of the Lizard. I have 
not, however, detected any of the “ eyes of felspathic material de- 
scribed by Professor Ponney, nor such minute and perfect current- 
bedding as is figured in his paper (Q. J. G. S. vol. xxxix. pp. 1—24). 
Ho mentions there the suggestion that the schists may be altered 
tuffs. Now if the question i)e asked, Can you show a source for the 
material ? no answer can be given at the Lizard, but in Sark it is 
possible to make a suggestion. The singular mass of intrusive rock 
described in my paper on Guernsey as hornblcnde-gabbro is distant 
from Sark only six or seven miles, and consists of materials closely 
akin to these. 8ome of my sjjecimens from Guernsey are scarcely 
distinguishable from some specimens of the very black layers from 
the beach at Port du Moulin, and the segregation-patches mentioned 
above have much in common with the “ snn-burned patches of the 
‘ Birdseye.’ I have not succeeded in finding any evidence of in- 
cluded fragments or agglomeratic structure ; however, a distance of 
six miles is enough to account for the absence of all but rather fine 
materials. 

No cleavage exists, another point of resemblance to the Lizard. 
About halfway down the valley which leads to the Creux Harbour 
the usual N.W. dips arc replaced for a few yards by a very steep dip 
to the N.E. ; thus there seems to be a roll. At the south side of the 
Point Terrible the beds are crumpled just over a cave. On the south 
side of the island of Brecqhou the beds show some contortions 
about two or three hundred yards before they dip under the superior 
rocks. The last two instances are only visible from a boat. All 
those indicate a nip between t st and west forces ; this agrees with 
the structure of the Guernsey gneiss and the appearances in the rook 
ofJethou. There are also some contortions which have different 
directions in the bay | mile south of Port du Moulin and at the 
vanishing point on the north-west coast. These may be owing to 
either faults or intrusions, both of which are at hand in both places. 

3, The Creuso Harbour Oneiss , — The directions of dip throughout 
the hornblende-schist series, with exception of the brief roll just men- 
tioned, are all more or less westerly, and, taken as a whole, radiate 
from the easternmost point of the island. Accordin^y on the 
eastern side we should seek for the base of the series We find 
it. Let the visitor just landed on the pier detach his eyes from the 
singularity of the scene, and scrutinize the southern side of the cliff- 
wall which encircles the spot. He will see about halfway up the 
face a group of horizontal stripes, which subsequent examination 
shows to be part of the hornblendic series. But the rock beneath 
these is of entirely different aspect, homogeneous and massive. 

Examined in hand-8X>ecimens this lower rock is highly crystalline, of 
moderate coarseness. It consists of pink and fiesh-ooloured felspar in 
* Prof. places the lowest beds at Port du Moulin. 
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grains of 0*1 or 0*2 inch in diameter, which often aggregate together, 
glassy quartz of like size, and black or dark green hornblende. The 
microscope adds to these sphene and apatite- In colour and degree 
of coarseness it is not unlike some Leicestershire syenites from the 
Enderby and Sapcote group. Thus it might be called a granite, 
but for its very decided structure, which is visible even in hand- 
specimens as a parallelism of the grains and a tendency in the 
felspar to aggregat e along parallel surfaces. In the lower part of 
the cliff this is especially conspicuous ; for the structure weathers 
out into well-marked linos which indicate a dip of 30° in a ]N.W. 
direction. We may thus designate our subject of investigation a 
sycnitic gneiss with a rather rude foliation. The rock passes out to 
sea, and appears to constitute the Burons, the Grand Moie, and 
possibly other isolated rocks. Southwards from the harbour it 
furnishes the face of the cliffs up to within a few feet from their 
crest all the way to Point Terrible, where it ceases abruptly. 
Northward it forms the base of the cliffs for a short distance, but 
sinks entirely out of sight some distance before Point Robert. Thus 
practically it can be examined only at the harbour ; in a walk along 
the clifis the foot treads nothing but schists ; and as the appearances 
of dip differ little, I do not wonder that many visits had been paid 
to the island by others and by myself before the discovery was 
made that here is a n^w and different series. 


Fig, 3. — Hornhlende-scJiists overlybKj Qneiss^ seen across a cleft 
in tlie Cliff north of Point Terrible, 



The relations between this gneiss and the overlying schists are not 
cdtogether easy to establish. The junctions, though fully exposed, 
are all nearly or quitq inaccessible. By passing along the cliff edge and 
venturing down some rather steep grass slopes a very near view can 
be obtained across clefts (fig. 3), and the harbour cliffs give an ex- 
cellent section (fig. 4). The dip of the gneiss is exactly N.W., while 
that of the schists, so far as it can be estimated, is rather more nearly 
W. The passage from the one to the other is everywhere abrupt 
and definite to the eye. The highly quartzose gneiss must have h^ 
a very different origin from the quartzless hornblendic rocks. The 
nature and thickness of the immediately overlying beds seem to vary 
at different spots ; and those in actual contact with the inferior 
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took are often lenticular or lie irregularly upon it. The height 
of the junction above the sea varioif greatly, but this plainly is for 
the most part duo to faults. On the whole almost all the appear- 
ances point to an uncoil formable overlie, none are inconsistent with 


Fig. 4. — Uomhlende'-schists overlying Gneies, Creux Harbour^ Sark, 



it, and 1 am convinced that this is the true account. The only 
appearance in favour of conformity is the rough general agreement 
in the dips of the two scries, liut I would siig^^est that the heddeid 
structure in the gneiss may not he original, but one which has 
been develojied by prt'ssuro, the pressure being in this case probably 
the weight of a superincumbent mass. 

4. The Overlying Granitic RoeJe . — It has been mentioned that at 
both extremities of Sark the hornhlciudo-schist series disappears 
below other rocks ; the same also takos place in the island of 
Breoqhou on the w'cst. These sujierior rocks are coarsely crystalline, 
containing hornblende and white felspar in grains 0*1 or 0-2 inch 
long, quartz often but not always, and black mica occasionally, 
especially, I think, whore decomposition is in progress. Tho felspar 
shows plagioclase striping, sometimes even to the unaided eye. 
Much of the quartz is clearly secondary, occurring along strings and 
cracks, but much is in ordinarily distributed grains. The texture 
is very highly crystalline, as much so as that of any ordinary syenite 
or diorite. The structure and jointing are massive and irregxdar ; 
there is no general apjwarance of bedding, nor any uniformity of divi- 
sional planes. Kspccially at the south end of Little Sark dark nodes 
occur, sometimes lenticular or oval, sometimes almost spherioaL, which 
consist of hornblende with some felspar in grains much smaller than 
those of the main mass. The.se appearances are all characteristics of 
an igneous origin. Nevertheless these rocks have been described as 
mettunorphic gneiss, and, as will be seen, not without a good deal of 
juBtidcation, for the rock generally possesses a rude cleavage or ten- 
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deucy to foliation. These structures sometimes appear vertical with 
N.-8. strike, but at Port Goury on Little Sark there is a platy structure 
which dips at about 30° to the south, just as bedding ought to do, 
and at the extreme north end, close to La Grune, a similar structure 
slopes gently to N.E., also a natural direction for bedding in that 
place. Again, wherever lenticular nodes occur their longer axes 
agree in direction with these structures, and though the rock is 
usually very homogeneous, yet occasion all}’^ long stripes show, and 
these too lie in the positions which strata might be expected to 
occupy. Some of these streaks are well developed at the extreme 
north end, on the slope leading down to tlio sea-neck. They are 
finer-grained than the mass of the rock ; some aro pink, some dark, 
some show a banded surface. They may reach several feet in length, 
with depth not exceeding an inch or two. 1 could ind bring away 
a good specimen ; but a specimen taken from near Les Boutiques 
shows a marked streaky structure. This last is such as might 
result from crush, but 1 hardly think the pink seams above described 
could be due to that cause. They arc so long and thin that one can 
hardly btdiovo them to be caught-u]) fragments There is a largo dyke 
near, of which some might bo offshoots ; but no connexion is visible. 

I think, however, that this is the origin of some, and it is quite 
jiossiblo that all these suggested causes may have had sharos in the 
appearances, and luwe produced, some one, some another. But on 
the hypothesis that these eiy'stallint^ rocks are metamorphosed sedi- 
ments, then those seams should be the last remnant s of the stnitified 
structure, and they aro certainly explained more esisily thus than on 
the igneous theory. 

Each hypothesis, then, presents considerable diflicultios. In hope 
of deciding the doubt, I endeavoured to examine carefully cv#ry 
visible juucaon with the underlying })edK. Tliero are six cliff- 
sections, four in Hark, two in Brecqhou, none of them easily 
accessible. The least difficult is that on the west side of little 
Sark t. Here, except at high tide, the* meeting of the two rocks 
can be well seen in the base of th<5 cliff. I'lie beds, highly horn- 
blendic, dip S. at about 40 '’ ; the ujiper roek Inis but little appear- 
ance of structure ; between the two is a zone of intermixture abo^t 
10 feet wide, within which tongues and lenticular portions of 
crj’^stalline rock arc intermingh^d with the? schist ; but the general 
direction of the surface of junction agrees with that of the bedding- 
planes. A diorite-dyke close to the junction confuses^ some of the 
indications. The evidence on the whole is in favour of the upper 
rock being igneous, hut I did not consider it conclusive. 

. The two northern junctions api)©ar to he faulted. That on the 
west cliffs is beyond the north corner of the bay, near JiCS Autelata, 
and appears to he in a cleft which a climber cannot reach. There are 
some fallen blocks close to this cleft which seem certainly to contain 

* Yet at Kerscou, TJ. of Morlaix, I was shown in 1886 a ribbon of ochtfit 
30 feet long and only 1 ^ wide, tom off and imbedded in granite. 

t A landslip has carried away the old path to the be^h at the Ckmpte ; a 
deecant can be effected by a graegy couloir just beyond the neck. 
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B i%>ek intruded into schists, but the intruder cannot be clearly 
identided with the overlier. So far as a boundary can be traced on 
the steeps above, thiB is sinuous and irregular. It is lost on the 
grassy summit of the island, but reappears on the eastern side, and 
the junction may be seen at low tide without much difficulty a little 
south of the Eperqueries. At the comer of the bay is a natural arch, 
and here on the side of the passage the line of meeting can be traced 
in an excellent section. On close scrutiny crystalline rock seems 
to have broken up and run into sebist. But at this place also, as if 
to baffie inquiry, a dyke and a fault come together, and I doubt if a 
sceptic could be shown enough for bis conviction. 

Conclusive evidence is, however, afforded by the south-east junc- 
tion (fig. 5). This occurs in Little Sark, on the south face of the 
“ High Cliff ” opposite the isolated rock called Baloine *. The schists 

Fig. 5. — Hough slceicli of Granite overlying Homhlende-scl Lists at 
south-east junction on Little Sarh. Schists perfectly bedded, 
dipping S, W, 



are highly bedded, dipping S.W. at 4iT\ The general surface of 
contact, as usual, agrees with the direction of the bedding-planes ; 
but dykes can bo seen to proceed from the main mass of upper 
rook and to ramify among the lower. 

In the outlying island of Brecqhou also the hornblendic beds 
dip in a westerly direction below crystalline rock. On the south side 
a vertical cliff* makes a clean section of the contact ; the upper rock 
seems to lie, though ver\' nearly, still not quite on a bedding-plane 
of the lower. In the cliff about 100 yards cast is a large lenticular 
indusion of crystalline rock differing scarcely at all from the upper 
rook, and probably, therefore, a dyke from it. On the north side of 
the island it is possible to stand on rock shelves and examine the 

* A fair view may be obtained from a boat. The crags look inacceasible, 
bat I believe a way down has been cut. I reached the spot from the oreux 
called the Pot, at low* water spring-tides ; this access wonld seldom be safe. 
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oontaot at leisure. The dip here is 16® or 20® N’.W., and here also 
the massive rock makes a close approach to conformity, but on a 
small scale seems to cut across or run into the beddii^ ; so that 
again in Brecqhou wo have the same imperfect indications which 
just fall short of proof. 

Yet the general conclusion from the junction-evidence, taken as a 
whole, even if wo leave out th6,t of the south-east junction, must, I 
think, be that these upper crystalline masses are not sedimentary rocks 
metamorphosed, but one igneous overflow. The near conformity in 
each case may be due to the granite having forced itself between 
beds as a direction of least resistance. Btit it seems to me also 
possible that an actual flow inaj’ have taken ]>lace over a surface 
nearly horizontal, and that the coarsely crystalline nature may be 
due to a higher temperature or other unknown circumstanco of that 
prodigiously remote epoch. lu either case denudation has had a 
protracted task to })lane down through the superincumbent 
mass and lay bare the subjacent dome. There arc difficulties, but 
they seem leas than the difficulty of accounting for the invariable 
appearances of flow across the edge of beds, the ai>paront intrusive 
offshoots, and the sudden transition from a Tniiiutely banded series 
to a mass a thousand feet thick, with only phantoms of bedding 
which flee ui)on approach. 

The overlying rocks in Brecqhou prosont remarkable features. 
At the furthest western i)oint of the island they slope gently down 
to the sea, and show no greater differences from those at the ex- 
tremities of Sark than rather more mica and somewhat greater 
decay. But along the southern cliffs, approaching the dooj> inlot con- 
spicuous on the map, a structure begins to be extremely well marked 
and weathers out into deep furrows. The clean faces of hand- 
specimens show a banded arrangement of constituents such as is 
usually regarded as cliaracb^ristic of a fino-grained gneiss. The 
dark materials gleam with mica, the white streaks are coarser and 
consist of felsi)ar with some quartz. Ho far as I could see, the 
passage from the crystalline rock to this is gradual and continuous, 
so that the whole mass is one. I have unfortunately made only 
one examination of the sjiot ; a boat has to be taken, and it is not 
always possible to land. 

This gneissoid structure affords no valid argument in support of a 
metamorpbic origin for the crystalline rock. If it should be proved 
separate, it would of course prove nothing one way or other. If, as 
I believe, it is continuous with that, then, since it is clearly a lower 
part, almost in contact w^ith the schists, we should have to admit 
that metamorphism had been much less complete in the deepest- 
seated portion of the mass. 

The banding shows corrugations visible even in hand-specimens, 
and becoming contortions of some magnitude towards the head of the 
deep inlet on the south coast. They lie N.-S., and are plain proofe 
of an E.-W. crush or nip, of which other indications exist. It 
would appear that this great squeeze produced more visible effects 
where the granite (assuming that this gneiss is crushed granite) 
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\ against a westerly slope of schists than where, as at the north 
and south ends of Sark, the forces acted parallel to the planes of the 
junctions. This is the same as saying that the corrugations wens 
produced where the upper rock, if it slid, would have to slide up a 
^ope of the lower, but not whore its slip could be horizontal, lliis 
would seem to show that the granite was the readier to yield ; but, 
as has boon mentioned, the schists also arc in some i)]aces corru- 
gated in the like direction ; besides, the underlying unconformablo 
gneiss may be near the surface and influential, though concealed. 

5 . Veins and Dykes. — A brief notice of the veins and dykes may 
be added to comjdete this account of Hark. It has been mentioned 
that faults abound ; they liave generally opened into fissures now 
filled with a reddish earthy material. These have been everywhere 
burrowed into in search of ores, but nothing has ever been found 
worth attempting to work except a vein of silver in Little 8 ark, and 
this has long been rabandonod. Other veins arc few. 

The dykes have not nearly the vfiriety seen in (*uernse5^ I 
have seen none of the granite dykes and elvans common there. A 
brownish mierocr3stalline quartz-felsite with microscopic mica 
occurs at the sea-end of Lcjs lloutiquos cavos, and may be the same 
as the whitish decomi»osed intrusive dj'ke which has originated both 
the fissure and the cavc^ni. A dyke six or eight feet broad cuf« the 
rocks iit the Eperquories landing, a eoin])act dark felsito with 
porphj^ritic felspar, showing under the mhjroscope also a fair 
amount of mica. The innk rh3’olit(?8 or glassjr folsites of (Juemsey 
and Jersey scorn to he entiroljr wanting. U'hc clifls south of .l)ix<iart 
Bay are travorsf*d hy some large dykes conspicuous fj-om the water, 
but mostly inaccessible ; I believe tliej' are identical with a specimen 
oollocded in the Bay Terrible, which is a beautiful, highly crys- 
talliuc syenite or diorite, with a good deal of epidote intermixed. 

Tlio majority of the dykes belong to the (luornsc}' group of 
bafialtio or diahasic intrusions, and to that section wliieh are of 
medium fineness. A slide cut from one of these which traverses 
the cliff near the Coup(*e is desenhed b^* Prof. Bonne}" to me as 
“ probahlj" a homhlendic diabase rather than a true diorite."’ 

There is a fine mica-trap dyke, a korsantite, at the N.E. comer 
of the cliffs of Port du Moulin, and apparently a smaller one much 
decomposed at the natural gatowaj* in the southern wall of that bay. 
There seem also traces of another in the road-cutting at the Coupee ; 
doubtless others may be found. 
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15 feet above high-water mark, four or five yards thick, a mass of 
rounded pebbles in general as large as a man’s head, but some of 
them two or three feet across. In the south-east of Herm is a fine 
“ creux.” This name is generally applied in those islands to a 
shaft in the hill-side communicating at its bottom with the sea ; 
but the Creux Mahic in Guernsey is a cave, and at the Creux 
Harbour in Bark there is now at all events only a tunnel thro\igh 
the rocks. On the south-west shore of llerin, below some cottages, a 
greenish compact seam, often less than lialf an inch wide, runs for 
man}’ yards through the granite, and becoming wider shows its real 
nature by dcvelojung into an ordinary com]>act dyke. This helps 
to explain some of the a]>pearane(\s noted in the Sark granite. In 
Jethou in like manner there arc a few platy dykes, and a small much- 
decayed dyke of mica-trap which shows its Inter date Iw traversing 
<tne of the above. The singuhir “ shell beach ” at the north end of 
Jlerm, the only o]ic of the kind in these islands, illustratos the local 
nature of fossil accumulations. 

The granite of Herm is a highly crystalline rock, consisting of 
white felspar, both orthoelase and xdngioclase, hornblende, quartz, 
and biotite, Avith a little apatite ; in my slide mica encloses a horn- 
blende cryvstal. The felspar often shoAVS plagioclaso striping even 
to the unaided eye, but generally is rather amorphous ; it occurs in 
grains about -J- inch long, but runs up to half an inch or more in 
some specimens. The hornblende is in well-formed crystals, often 
rather lath-shay)ed, hut seldom exceeds inch. The cpiartz is in the 
usual interstitial glassy grains. The mica is the least abundant of 
the principal constituents ; it shoAvs Avell-shaj)ed hexagonal plates. 
Hark nodes are frequent, and A’’arj' much in shape and in sharpness 
of definition. Tlio rock of Jethou is much the same as that of 
Herm, both to the eye and under the microscope ; but Prof. Poimey 
remarks to mo on a slide that it is a little crushed, while a slide 
from Herm shoAvs no crushing. Put, as above mentioned, on a largo 
scale there is a Aciy faint structure A'isible also in Herm at the end 
jiearer Jethou. I’rof. Penney Avrites of both that they aro holo- 
crystalline and indubitably igneous. 

7. General Conclusions, — Comparing these granites of Ilerm and 
Jethou AA’ith the granitic overlying rock of Sark described above and 
shown also to be igneous, the dilferences api)ear A"cry slight aud 
smaller than may he found in less widely separated i)ari8 of many 
continuous masses of granite. The iwobahility, then, seems con- 
siderable that they are all remnants of one groat iiTUption. No 
Jersey rocks that I know, and none of the principal Guernsey rocks, 
appear to bo the same as these ; hut the granite of Alderney, which I 
hope at some future time to describe, I expect will prove also to belong 
to this great mass. Certainly some of my specimens could not be 
distinguished as different. If so, since Alderney, the northernmost 
island, shows no sign of crushing, w^hilo Herm and Jethou exhibit 
faint traces, and Bark, the southernmost, presents clear proofs of 
compression, it would seem that the compressing forces had acted 
more powerfully in the south of the area ooncern^^ 

Q. J.G.S. No. 171. 2 a 
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The order of geological events in Sark thus appears to have bee» 
as follows : — A mass of Archaean rock of uncertain origin had de- 
posited on it a thick series of beds of alternating materials, princi- 
pally hornblendio, i>ossibly of volcanic origin. Over these (whether 
other beds had also bceai superposed cannot now be discovered) a 
mass of granitic or syenitic igneous rock subsequently flowed. 
After the solidification of this, but still probably at a very early 
period, came a great east and west nip. Exc<q)t the intrusive dykes 
there are no later materials with which to continue its history". 

The physical geology of Bark affords many interesting subjects of 
study. The ap])arontly homogeneous granite, contrary to what 
might bo expected, decomposes much more readily than the banded 
horn bleu do- schists. I have been inclined to fancy that on all sides of 
the island there is a tendency for rock masses, in fault-throws in 
fissures or in slides, to loan away from the central mass. This 
may be due to the domed arrangeiii(?nt of the beds, or may have 
followed the cessation of the nip[»ing force and bo a result of elas- 
ticitj^ or it may be simply caused by tlio undermining of the sea. 
The Coupee is due lo a fault and fissure-vt'in which form a ease in 
point ; and the celebrated Oonliot cav<^s ajipear to he duo to a slide 
of this nature. More generally, however, the caves have originated 
in dykes, as have the Jloiitiqucs, and, I think, the Vroux Terrible. 

The Archaean ago <d‘ these rocks is not likely to bo contested by 
many. They are ann logons in structure to admittedly pre-Cambrian 
rocks elsewhere. They seem distinctly older than the unlbssili- 
foroua argillites of themselves of extreme antiquity, and, I 

believe, unlike any neighbouring even Cambrian beds. And the 
scries of the Einisterre beds, which I had the o])portunity of seeing 
this year under the guidance of Br. Barrois, contains in tlie whole 
succession, from Carboniferous down to Cambrian, nothing that can 
bo compared to them. 'J'ho only rocks I saw tlicre capable of being 
classed along with the Bark schists wore some beds at J’ouldu south of 
Quimporh', which in the French Geological map aro themselves 
marked as pre-C'amhrian. 

It may, however, be suggested that their highly crystalline con- 
dition is duo to the influence of the vast mass of granite by which 
they have been overflowed. 1 am not sure but that this cause may 
have bad some effect. However, iu the first place tlio beds nearest 
the granite are not everywhere the most highly crystalline. 
Secondly, in the neighbouring region of Brittany I had in 188(5 
the opportunity of studying, under Dr. Barrois's guidance, the effects 
produced by intrusive granites on a number of widely differing 
rocks of almost every age, and none of these were metamor|)hoscd 
into any resemblance to these hornblende-schists. Thirdly, the 
only rocks of that region which resembled the Hcrm-Bark-Aldemey 
granite that overlies these schists are granites which Br, Barrois, on 
independent evidence, considers Cambrian at latest. 

To myself the most interesting feature in Bark is the uncon formable 
overlie of the homblendie beds on older gneiss. Several observers 
bare lately brought forward convincing proofs that certain gn^dsses 
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. schists formerly regarded as metamorphosed sediments are really 
igneous rocks in which banding has been developed by crush. In 
the usual fervour of conversion some writers seem rather desirous, if 
they can^ to account for everything this way. It may bo a useful 
warning that here in Sark we find a series which cannot have been 
so produced. 

Discuss 1 ox. 

The Presidext remarkctl on the value attaching to Prof. Barrois’s 
work in Brittany, and on tlic interest of the observations made on 
the country by Prof. Bonney. The conclusions as to the .f\rcha:>an 
age of the lower gneissose rocks would probably bo generally ac- 
cepted : but a question which must still bo regarded as an oj»en one 
was, whether foliation ever correspoudiHl with original bedding. 
The supposed instances of unconformity and current-bedding de- 
pended on the assumption that such was the case. 

Mr. Becker said that certain rocks of C’alifornia which he had 
studied were of Neocomian age and sedimentary origin, and, despite 
a certain dissimilarity, there wjis a remarkable petrograjdiical re- 
semblance. Amphibolites and other rnetamorphic rocks were 
common, and diabases and diorites abounded. The diorites passed 
into amphibolites ; glauc(*pharie oecurred in the latter, and glauco- 
phane-sebista resulted from altered shales, the positions of th(^ 
glaiicophane- prisms resulting from schistosity of the shales and 
being related to the original hedding-jdanes. Ho had remarked 
transitions between glaucopbane and actinolit(‘, 

Mr. liuTLEV remarked on the probable extension in former times 
of Archaean, Cambrian, and Silurian rocks from Brittany and the 
Channel Islands through Devon and Cornwall and WaleN. 3Ie 
considered that there might be cases in which foliation denotc'd 
original bedding, as in one of the instances stiggcsted by Mr. Hill, 
in which it seemed that the hornblende-schist might consist of 
triaterials deprived from the degradation of erui)tivo rocks, 'i'hc later 
stre8se.’>» in these old rocks may have obliterated llie evidence of 
earlier action of the. same kind. 

Mr. Hill said, with reference to Prof. Bonney "s remarks on the 
difficulties found in mapping the region, in which lie concurred, that 
one advantage was the absence of travelled blocks. He reinaiked 
on the curious arkose-likc aj>pearance of the crushed rocks on the 
coast south of Quimperl<\ He quite agreed that there was an 
ancient xVrchaiari base to the rocks of Brittany. 

Dr. Hicks said that in Great Britain gneiss and other rocks of the 
character of those on the table from Brittany and the Channel 
Islands were only found in the Archaean series. The most inqior- 
tant question, i, e, as to the ago of these rocks, seemed therefore to 
be completely settled by these researches. Ho was inclined to doubt 
whether the supposed fulse-bedding of Port du Moulin was really 
due to deposition. He had described certain breccias in Wales 
that might explain the conditions exhibited by the crushed gneisses 
desKsrib^ by Prof. Bonney. 
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Prof. Bonnet, in reply, said he considered glancophane merel^’L 
I>eculiar variety of hornblende. It would require very strong evi- 
dence to convince him that sandstones and similar rocks did ever 
pass into serpentine &c. With regard to Mr. Ilutley’s remarks, he 
could see no evidence in Brittany of important disturbances from 
Cambrian times till after the Carboniferous era. The questions 
raiscjd by Mr. Hill had been treated in Ibo ])ai)cr ; the arkoso-like 
rock turned out to be gneiss clearly crushed hi situ. Ho agreed with 
I)r. Hicks that the appearances of false-hcdding in mctamorphic 
rocks were of doubtful origin, but in some cases other explanations 
presented groat difficulties, and sedimentation of some sort was pro- 
bably to bo detected in Arcbacaii rooks. 

Mr. Hill said the appearance that he referred to false-bedding 
occurred, not in gneiss, but in the overlying hornblendo-scbists. The 
j)osaibility of those hornblende-schists being tufls had occurred to 
him, but ho had not been able to discover any evidence. 
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^ S . On Tebtiabt Ctclostomatous Bryozoa from Nrw Zeaiawb. 
By Arthlitb Wir. Waters, Esq., E.G.S. (Bead May il, 18S7.) 

[Platb xviri.] 

The Chilostomata have already been described in this volume of 
the Journal, p. 40, and therefore it is not necessary to repeat 
particulars about the localities. 

This part I have kept back, hoping that the results of the * Chal- 
lenger’ Expedition might throw some light upou tliis unsatisfactory 
suborder ; but Mr. Busk's second, part of the llcport is a great 
disappointment in this respect, as only thirty-three species are 
recorded, and these are for the most part well known and common. 
In fact, the results of this great ex^jodition do not seem, so l*ar us tho 
Cyclostomata are concorne<l, to exceed what T presume a specialist 
might, after a storm, collect in a few morning walks in the i»eigh- 
bourhood of the Sydney Harbour. 

We do not seem to make much progress with the discourjiging 
Cjxdostomata, or to obtain fresh oharacters niH)n Avhich chissilications 
can be based, and in fact tlu re are a li'W Xew-Zeulund fossils 
coBCcrning which 1 cai\nol pronounce a detinitc opinion as to whether 
they really belong to the Bryozoa or not. However, although nob 
satisfied with our mt?aus of classiiicution, any fossils wliicli enn Ix’ 
readily recognized should bo described, as, besidc's being useful 
stratigrapliically, fuller acquaint aiice may gradually set us in the 
right linos. 

1 would proj>OHe that we should divide tlu^ (Jyclostornata into two 
subdivisions, namely, first, tlu^ l*ar<dlt lai<fy or those in which tho 
surface of the zoarium is to a considorabhi extent formed of tho 
lateral walls of tho zotecia, of whiili Orinut, Entalojthoray Diasio- 
2 >or(t^ and TnhiiVii)ora may ho taken as typ(*s ; and, secondly', tho 
liectun^ alata, or ihoso in which the zoax'ia or cancelli open for tho 
most part at right angles to the axis or surface of the zoarium or 
subcolony, of which Uetirujtora, Lichenoipont, &c. may bo taken an 
typical. 

We are met with the fact that there arc several cases of genera 
having similar zoarial appearance wdiich must be Heparuted into 
these two divisions ; for instance, there is the true Jdmmu’a^ os 

Mihmma, with the zoceeial walls parallel for the greater yiart with 
the zoarial axis and tho wall minutely perforated ; and, on llu^ other 
hand, with a similar zoarial appearance, Crisina rnncelhtia has 
medium-sized inU*rstitial tubes between the zooccia, both opening at 
right angles to the surface. 

We have already seen Cj clostomata and Chilostomata <|uiu? similar 
in mode of growth, and in fact in this respect resembling even 
animals of other classes, so that wc need not be surprised at tinding 
such similarity in two subdivisions. 

There are cases where, in badly preserved fossils with large pores, 
it may be difficult to distinguish whether these are Interstitial or 
merely perforations in the shell- wall; but when sections can be 
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made, the stracttire will he seen. For instance, in Jdmoiiea radiant, 
l^amk., there are large pores perforating the shell-wall ; and to 
similar cases^in Homera I have referred in this Journal, voL xL 
p. 678, pi. XXX. fig. 8. 

It is interesting to find the “ rays,'’ or hair-like teeth, preserved 
in the zocccia of fossil Entalophora intricaria : and I would specially 
call the attention of ])al{3oontologists to PI. XVITI. fig. 4, as this repre- 
sents a most typical Cyclostomatous form, showing both the usual 
shell-structure with por<‘8 between the zooecia, and also the “ rays,” 
which are now known to occur in both of the divisions which I 
propose to make, though previously they have only been described 
in the rectaiiciulata, as in Jleteropora and Lichenopora. Thej’^ also 
occur, however, in a JNiCW-Zealand Tut^alijiora. 

Tulmlipora hidapllcatn and Campicheana are two vciy- interesting 
species, showing considerable variation in the mode of growth. If 
the series of specimens had not Ixjcn moderatelj' large, it is possible 
that more than two sj)ecie8 would have been made. 


TAst of SpecieK. 


Allit'S ami Looalities. 


S? H H iff 


I. rAltALLKLATA. 


1. Idinom'M (L) 

2. — — ram<wa O/’Orft.) 

3 . fonl-jrtiv, Ji 

4 . Butalo]ihora intriciiria {Ji.) 

6 . — - — watigivnuii'iiNiN, mii. nov 

0 , Cinetipora Jluifon. 

7 . Horuera fr<jndiculata (Artmj-.) 

8 . BtomatrtporH Rranulata ( . 1 / -AUw .).. 

megor {JohuHt.) 

10 . — (lilaUinn iJohnat.) 

n. PiaHtoporii Muborbioularis. . 1^7 

12. BaruiontMH. A^orm., var. j 

pcraianiata. «ov 

13 . Ttilmlipura dimidiata I 

14 . Carapioht'aua (t/’OrA.-) j 

Ift. biduplioat^, sp, nov 

IH. Foaciculuria tiibipora, li 

17 * Suiwrcytie digitata, d'Orb 


•X'Z i .. 


'Potnne Marin. 




‘ -X- ^vi 

’! -Jr ,•• ••• *X- if 

;vAZ !... 

, X-i-X'X-X-i . 

: X- X-: 

x-z -X- 




Mark. 


II, RECTANGULATA. 

18. liiohcuopora radiatM (j4u<i.) 

1 ft. — — lii«pida (/" 7 ew.) 

20, vlyiadformis {d'Orb.y 

5il. wanganuieuais, ap. nor 

2S. — — l>olt*tiformi8 {d'Orb.) 

3S. Houldavrorthii (2/.) 

24. Bi'ptoeavea napera. ap. nov 

38. Heteropora pailionlata. Water* ... 

38. - napierenaia. ap. nov 

27. Oriaina oanceliata. I 

38. Crassohoriuura waipoktuvjni^ ap. I 
ttov. 


X M i 


.*! l-jX-'.... 


347j *A I* 

P ...*i 
3 -lSi-K-Z 

!*!...•.■ 

• 


^1. 4, 

I Waikato. 

I { Napier Harbour. 

’*’■ I 72/. caflfomiea, d’Orb. 
t» Waikato. 


. Nspkr Harbour. 

. Napier Harbour. 

. Fennyacmia atellats, J9. 
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Oat of the 28 species or varieties 18 are known living, 0 at least 
from New Zealand, 10 from either New Zealand or Australian 
waters, and 8 have been found fossil in Australia. This brings the 
number of Chilostomata and Cyolostomata up to 10(5 ; and the 
second imi*t entirely agrees with the first in indicat ing that they are 
comx)aratively recent. 

In figs. 1, 4, 14, 15 (PI. XVIII.). the size is taken from photo- 
grajdis which were used, and stud}* j)botograi>h8 of several si>ocie8 
mentioned are deposited with the Society. 

1. InaiONEA SEKPENS (L.). 

For synonyms S(‘C llincks, 3»rit. Mar. Polyz. ]>. t5M, pi. Ixi. figs. 
2y 3 ; pi. lx. fig. 2 ; and IVrgens, l*lioc. Pry. von Itbodos, Ann. Nat.- 
bist. Hof museums, vol. ii. p. 5. 

Some fine apocimens from the Petane !Marls are entirely adnato on 
an oyster-shell, throwing out mimeroiis Btrai)-shape(l nn s. 

The ovicclls in recent Naples 8j)ecimen.s oc cur bedow the junction, 
sx)rcading downwards, and with u broad f*uiinel-sha])cd opening. 

Lo(\ Living: lCuroj»eaii Seas ; New Zealand. Fossil: Pliocene of 
Sicily and (Valubria ; Waitmlvuruu ; Petane Marls; Tommy (iiilly 
(Petane) ; near Napier. 

2. loMONKA itAMosA (d’Orb.). 

l{vj>U>tMf/era rahtosa, d'Orb. Pal. Fr. ]>. 754, pi. 751. figs. 1 3. 

? Emhaiy llaime. Pry. Foss, de la Form. Jiiras.si(|UO 

p. 1(57, pi. vi. fig. 1) ; 1‘ergons & Meunicr, Annales Soc. Hoy. Maluc. 
de Pclgique, vol. xxi. j). 217. 

This grows much like JdmoiH.a aerjuins, and at one time I tliougbt 
that tlic sjujcimcns wore only worn examples of that 8]>(fcies ; but 
the zocecial tubes are scared}* raiscvd and ocjuidistaiit, wlicreas in 
7. Si rjH-ns the central zocecial tubcH arc much raised and connate, with 
o^itlyiug sei>arate zocecia. Tlie stTies are about (t5 millim. ai)art. 
Iti one Kj)cciiucn, from near Naiaer, morcj considerable ex])ansion 
lakes jdace ; and tliis form at on(i time 1 He])arated as /. a>ntifi7iata. 
This last grows much like Tahufijtora lohaUtUt^ ]>ut the rays arc in 
series. 

Loc, Fossil: Cretaceous; AYaiimknrau and near Na]>ier. 

3. Il>3lONE\ COXTOETA, Blisk. 

Id mom a contorfa, Pu.sk, Cat. Mar. Polyzoa, j)!. iii. p. 12, j)!. viiL 

A specimen from the neighbourhood of Napier forms aji sinasto- 
mosing mass, llie branches are about 2 millim. across, and in 
section arc subtriangular, somewhat rounded on the dorsal surface. 
The scries are about 0*8 millim. u])art.,with 0 or 7 zoa^cia in a scries; 
doi'sal surface with fine longitudinal lines. 

The surface is so much wo;ti that it is impossible to judge how 
much the zooecia projected. 

Tenwjnimia sUU<tta has a row of zocncial |K>res, between which 
there are cancelli. Before comparison with the British-Museum 
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speoitnen I was in doubt as to wbether Ttnny»onia might be Z. contorta^ 
or Grisina cancellata, 

Loc. Living ; Algoa Bay, Fossil : near Napier, 

4. Entalophoka intiucakia (Busk). (PI. XVIII. figs. 5 & 6.) 

JPustulopora mtricaria^ Busk, Cat. Vlar. I'olyzoa, pt. iii. p. 22, 

pi. X. figs. 1 & 4; Ilaswcll, Cyclost. PoJyzoa of Port Jackson, Proc. 
Linn. Soc. N. S. W. vol. iv. p. 1352. 

A small fragiTjeut from Shakespeare Cliff, Wanganui, is without 
any doubt the same as a recent Enialopltora, which is appareiilly not 
uncomTuoii in Kcw-Zoaland and Australian seas. It lre(|uently 
anastomoses and forms dense intricuUi masses : tlie zoaria are 
about 1*5 inillim. in diameter, and the zooccia are irregalarly placed, 
often bulging our towards the end, but become narrower ugaiii at 
the aperture, wliich is about 0*K3 millim. wide. 

In the zooecial tubes there arc always a large number of minuto 
rays with eluh-shai>ed lieada, on which there are Jiumerous tii])orclcs. 
1 have called attention (Ann, ]Mag. Nut. Hist. ser. 5, vol. iii. j). 27(>) 
to similar rays in Lkhcaopom radiaUt^ and pointed out that these 
rays, or “ hair-like teeth,’’ had globular terminat ions ; and in tliat 
species there are fewer tubercle.s on these heads, in fact they are 
usually cruciform. Professor l^icliolson luis figured and described 
similar rays in J l( ieropora fK lUcnhttu, ; and tliese I have also 

figured in this Journal, vol. xl. id. xxxi. fig. 2S, but have not yet 
been able to see tliat the heads are tubercuJatc<l. They also occur in 
a species of Ttdndipora^ besides Liclu noitora prUtiif, HacU., L. cna- 
celhtict^ L. radiatit^ and Jj. IJotihhnorthii^ P. 

The size and arrangoment of the zoot^cia are similar in the recent 
and fossil examples ; and, after having made llie dotcrininutiou by 
these characters, it was no small satisfaction to find that in the zotecial 
tubes these minute rays were preserved, thus conlirmiug the ahsoliito 
identity of the two. 

Loc, Living; New Zealand; Port Phillip and Port Phillip Heads 
(IV.) ; New South Wales (//.). Fossil : Wanganui (base of Shake- 
speare Cliff). 

5. ENTALOrUOIlA WANGAXUITJXSIS, sp. IlOV. (PI. XVIII. fig. 1.) 

Zoarium 2*5 millim. iu diameter ; about ten zocccia in a complete 

series. Distance of series about 1 *2 millim. apart. The ends of the 
zooecia but slightly projecting ; surface xntted, with small pores in the 
centre of the pits. The zomcia are very distinct and rounded, gi\’ing 
the whole a columnar api>earaiico, and arc msually arranged round 
the zoarium in a verticillate manner ; hut sometimes the arrangement 
becomes irregular. The closure, whicli occurs at about the level of 
the border of the zoarium, is present in many of the zooecia, and 
has numerous large perforations. This has as large zooecia (aperture 
0*4 millim.) as any Cyolostomata with which I am acquainted, being 
about the same size as those of Cinctipora eUgans of Hutton ; but 
in that species the zooecia do uot project at all, nor are the ends 
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tubular, but cut off straight. I am in doubt as to whether Cinctipora 
elegans is really Bryozoan. 

Loc» Fossil ; Shakespeare Cliff (\V anganui). 

6. ClNCTIPOKA ELEGANS, HuttOU. 

Cinctijjora elec/ans, Hutton, Cat. Mar. Moll, p, 10^1 ; Manual of 
the Kew Zealand Moll, p. 108. 

Professor Hutton has sent me some recent specimens from New 
Zealand, and these exactly correspond with the tossil. The appear- 
ance is somewhat the same as that of E}ittdophora, but the zoa*cia 
do not project, and are cut oft* straight at the surface of the zoarium. 
The branches are about millim. in diameter, and tlie zomcia are 
very large (0*2 millim. wide), arranged in a spiral manner, ox)eijing 
diagonally to the surface; about 12 cells form a complete si>iral. 
Although it is placed among tho Bryozoa, it must bo pointed out 
that its relationship is not proved. The external i)ortiou of the shell 
is formed of thick lilious layers in a manner which is not usual in 
Eniahjihora, and there are Icav external pores. There arc connecting 
pores in tho interior. This is closelj' related to Ct/findrojiora 
T.- Woods, placed by that author among tln^ ilydrocorailimc 
(PaloDont. of Now Zealand, p. 21), and whicli aJso occurs fossil near 
Napier. In this last the openings arc more vertical to the surface, 
and it is larger, wdth a more solid shell ; but it would seem sulKoient 
to separate it as var. arcolata, t^pivoporlna iminersa^ Woods, may 
also be allied ; but ibis is a species with which 1 am unaciiuainlt^d. 

Xec. Living: Wellington (New Zealand). Fossil: near Napier, 
W aiimkurau. 

7. IloKNEIiV FKONDICULATA (Lamx.). 

JJonura froadicidata. Waters, (luart. Journ. Ccol, Soc. vol. xl. 
p. 087 ; Busk, ‘ Challenger ’ Itcport, pt. ii. !>. 15 ; Pergens, I’lioc. 
liiy*. von IMnxlos, j). 0. 

Loc. Oligocene, Latdorf &c. ; l*lioccne, Crag, Italy and Sicily : 
Curdics Cre<‘k, Itiver-H urray Cliffs, Buirnsdulo, Mount (iambior, 
Shakespeare Cliff (AVangaiuii). Living: Mt'diterranian, Cape Verd, 
100— 12U fathoms. 

8. SxOilATOrOHA GEAXPLATA (M.-Edw.). 

Aheto grauidatii, M.-Edw. Mem. sur Its Crisies &c.,Ann. Sc. Nat. 2^ 
Ser. t. ix. x>* pi. xvi. fig. B ; Busk, B. M. Cat. p. 24, id. xxxii. 
fig. 1 ; * Challenger lleport, p. 22. 

Stomaioporu fjranulaia^ d'Orb. Pul. Fr. p. 8BG, pi. t)28. figs, 5-8. 

? Etomatopora inerafi^^ata^ d’Orb. ibid. p. 8B7, pi. 028. figs. 9-11. 
‘Stfrmaiojyora ranua (Blainv.), d’Orb. ibid. p. 842, jd. (jBO. figs. 
9 - 12 . 

Stomatopora minima, Romer, Polyp, des nordd. Tert. Gebirges, 
. p. 22, pL iii. fig. 1 . 

Recent specimens from New Zealand and fossils from Waipukurau 
4k>rre8pond in size, being about 0*15 millim. wide, with an aperture 
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0*12 miUim. The width of the zooeeia remains constant throughout 
the length, which is usually a]>out 1 millimetre. 

A specimen from the Valaugian of 8t. Croix (Jura) is about the 
aame size, but the zoojcia commence much narrower and then widen 
nut. 

Loe* Living ; British and Northern Seas, New Zealand ; Tristan 
d'Acunha, fathoms. Fossil: Cretaceous (Valaugian and 

Senoniau) of Europe ; Oligoeeno, Sollingen ; AN'aipukurau. 

9, Btomatopoka majok (Johnst.). 

AheUy 'inajor^ Johnst. Brit. Zor)ph. 2nd cd. p. 281, pi. xlix. tigs. 3, 

4 ; Boguenza, ‘M-*e Formaz. I'erz.,” Aecad. dei Lincei, celxxvii. p. 297. 

Pruhoacina intenihCfJia^* Novak, Brj*. der Bdhm. Kreideformation, 
Benkschi'. k.k. Akad. vol. xxxvii. p. 3u2, jd. v. figs. 1-13. 

For other synonyms K(je Hincks’s Brit. Mar, Folyzoa, p. 427, pi. 
Iviii. and pi. Ixi. fig. 1 ; Fergens, J*lioe. Bry. von Khodos, p. 9. 

The branches are 0*cS--l*0 milliru. wide, and the zocecial aperture is 
about 0*12 millim., the extremities sometimes in irregular transverse 
rows. This is very much like Proboadna cnimm, Komer, in d’Or- 
higny, Fal. Franc,*, p, 84S, and ]»crhaps should be united to it. 

Loc. Living : Biitisli and Northern Seas ; (lueen Charlotte 
Islands (//.). Fossil : Cretaceous of Boliemia ; Crag, England ; 
l*lioceno ( Astian) of Calabria ; near Najaer ; Waijuikurau ; Tummy 
Gully (Fctane) ; and Trig Station. 

10. SrojiAToroKA juj.ataxh (Johnst.). 

Alecio idlftiansj Jolinst. Brit. Zoopli. 2nd ed. p. 2Si, pi, xlix. figs. 

r>~8. 

For synonyms, sec llincks, Brit. Mar. Folyz. p. 429, pi. Ivii. fig. 3. 
Is not this Criftct'ifla divhoiotnit^ d’Orb. ? 

Loc. Living: Northern Seas. Fossil: Crag, England ; Tommy 
Gully (Fctane) ; Trig .station. 

11. Diastopoka suiioiuuct LAKis, lliiicks. 

JJiastopora suborhiadariti. Waters, Quart. Journ. Cieol. Boc. vol. xl. 
p. 089. 

A specimen from near Napier has both zoarium and zoa?cia about 
twice the size of those of the following species. The ovicells are 
large, enclosing several zoa'cia and radially’ elongate. 

Loc, Living : British and Northern Beas. Fossil : Muddy Creek, 
Mouut (cambicr (Australia) ; nejir Napier and Tommy Gully (Fe- 
tano). 

12. DiAsiopoiu SARNiEXsis, Norm., var. peeakgusta, nov. 

A fossil from Waipukurau aud a recent specimen from New 
Zealand are identical in size, the zoarium beuig 0*25 millim. in dia- 
meter. The zococia radiate irregularly from tlie centre, with the 
4>utHnes yery distinct and the ends erect ; the younger zococia run by 
the side of the older ones for some distance, thus causing the zooacia 
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to l[>e lees crowded than is usually the case. The zooocial tubee are 
very narrow, only about 0*06 millim., with the slightly elliptical 
aperture about 0*04 millim., and these very small soceoia are only 
about half the size of those of typical JK mrnien^U from Guernsey. 
The fossil is without an o\dcell, but the recent si)€H.‘i men has them 
transversely elongate. The zoarial appearance is somewhat the same 
as in IJ. ohtrlia ; and in the fossil there are closed ceils, w^ith a tubule 
projecting from the centre of the cover. 

Loc, Living : Now Zealand. Lossil : WaipuLurau. 

13. TUBULirOKA. niMIDIATA (Itss.). 

Defrancia dimidiata^ Rcaiss, Poss. J\)1}'p. d. Wien. Tort, p. 39, 
id. vi. hg. (1. 

Pavofuhitjera dlmidiata^ AN'aters, (hiart. Joiirn. Gcol. *Soc. vol. xl. 
p. 091. 

Loc. Fossil : Miocene of Austria and Hungary; Mount Gamhier ; 
Trig Station. 

14. TniULii’oKA CvMricnKvNA ((rOrb.). (1*1. AVIIl. tig. 15.) 

j\hdtlfasci^( ra Cavi/nchcanay d*Orl>. Pal. Franc, p. 0iS8, pi. 702. 

figs. 7-9. 

This, like T. hido plica occurs in vslrap-shaped expansions, 
sometimes quite separate, soinetiines conllucnt ; and then often the 
lines of growth can scareely be followed. Here, instead of the 
zocjccia occuning in iinisei ial rows, they are in fasciculi alttTnat© 
on each side of a mesial liin^ ; oji (‘acb side of the principal row 
and in the line of the fascic uli are oii<^ or twc» zomeia as outliers. 

The growth is so similar in iliis and lh(^ next spc'cics tliat- at one 
time I was nc)t surc^ if they sl\o\il(l he Hpocvtically sc‘i>aTaU‘d ; hut 
this form is much st<»uler, having the series 1 millim. apart, whereas 
ill T, hidaplicatn they arc imiy millim. apart. In those })atbs 
of the colony where the growth is the least regular, the appearance 
is just the sam(‘ as in the »St.-(h'oix specimens, and 1 think it must be 
considered identical with the Jurassic species. A specimou in the 
Lausanne Museum, from St. (hoix, has very distinct hexagonal 
divisions between the zocecia, and in the Ncw-Zeulaiid fossil similar 
divisions are found in sonic parts. 

The oojcia are large, occurnng in various parts of the zoarium, 
but usually near the end, including the seri(‘s on each side of ih© 
mesial line, imd usuull}' in* about three double scries. 

Loc. Fossil : Yalangian of St. Croix ; l*ctane ; Waipukuruu ; 
Napier. 

15. Tubulipoea BinupLicATA, sp. nov. (PI. XVJIT. figs. 12 & 14.) 
Zoarium adnate, branches broadly ligulato or united at the base, 

forming a continuous crust. Zocecia arranged on each side of a 
mesial line in parallel transverse rows ox)posite or alternate, usually 
two or three zocecia in a row, but occasionally, as at the diehoto- 
mization, in isolated fasciculi ; on each side of these principal 
ows, and in the lino of the series, are one or two zooecia as outliers. 
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This is a most interesting species, as numerous specimens show 
great range of variation, and we also see how artificial our generic 
divisions are, for I should have been justified in placing this under 
Idmonea. It is probable that T. fmciculifera^ Hincks (Ann. & Mag. 
Nat. Hist. ser. &, vol. xiii, p, 35, pi. ix. fig. 6) is a variety of this 
species ; and the unconnected colonies remind us of lieptofasciyera 
altemata^ d'Orb. ; while those that are continuous over a large 
surface resemble Multifascigera Cam^Mieana^ d’Orb. It is also 
closely allied to Fascieuli^ora gradlisy MacG. ; but the very long 
bundles of zooocia, connate for their greater length, show that this 
last must certainly be looked ujjon as specifically distinct. 

A specimen from near Nainer extends over a space of about 3 
centim. across, and has extensive ooecial inflations, enclosing about 
4 series, and wider than a ligula. 

A fine recent specimen from New Zealand, in Miss Jelly’s coUeo- 
fion, has the subcolonies widely flabellate, instead of strap-shaped, 
and the spaces between the zoa^cia are, in places, divided into angular 
or hexagonal divisions. The zooecia are usually uniserial, hut 
sometimes fasciculate. The small fragment from Port Phillip has 
the zococia close together without any space between. 

Loc. living: Port Phillip, Victoria (IV.); New Zealand 
Fossil : Tommy Gully (Petane) ; Nai>ior ; Waipukurau, Trig Station ; 
Petane Marls. 

16. Fascictjiaiua TuniPOKA, Busk. 

Fascicularia tuhii)oraf Busk, Crag Po3yzoa,.X>. 130, pi. xxi. fig, 1. 

The fossil from near Najuer is one inch across, but is clearly 
only a fragment of a large i>iece. “ The horizontal, tabular, con- 
centric lamina) ” are noaivr together tlian in the Crag 8X>ecimen ; 
but with this cxcci>tioii 1 sec no ditrerence. 

^A recent T. tuhipora in iliss Jelly’s collection lias a few funnel- 
shaped openings on the lamina*. These may he ovicellular ojienings, 
but a division across the narrower diameter raises doubts as to the 
function. 

Lee, Living: New Zealand? Fo&oil ; 0. Crag (jK.); lied Crag 
(jB.); Pliocene of llametto, Sicily (>V.); near N aider. 

17. SuPEKCYTis niGiTATA, d*Orb. 

Bvpercytis digiiaia^ d’Orb. Pal. Frane. p. 30G1, pi. 708. figs. 
'6-0 ; (?) AVators, Quart. Journ. Gool. 8oe. vol. xl. p. 602, pi. xxxi. 
figs. 22, 2C, 27 ; Busk, ‘ ChuIIeiiger’ Beport, vol. xvii. p. 20, pi. v. 
fig. 3 ; (?) iieuss, in Geinitz, Elbthalgobirge, vol. i. p. 123, pi. xxx. 
fig. 6 ; Iieuss, ibid. vol. ii. p. 136 ; ( ?) Pergens et Meunier, Bry. 
Garumniens de Faxe, Ann. 8oe. Iloy. Maine, de Belgique, vol. xxi. 

p. 221. 

Faecietdipora digitaia^ Busk, Cat. Mar. Polyzoa, p. 37, pi. xxxiii. 
fig, 1. 

The New-Zealand fossils arc undoubtedly the same as the recent 
lonus found by the * Challenger,’ although smaller and with a variable 
of digitate lobes, averaging, however, about twelve; the 
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central zooecia are in long rows or groups, as described by Buslc (fig. 3). 
We are not yet in a position to say whether the fossil specimen 
from Murray Cliff, which has the central zocecia regularly distri- 
buted, should or should not bo separated on this account. 

Mr. Busk makes me responsible for the locality “ South Atistralia” 
for the fossils ; but this is clearly a slip on his part for Victoria, the 
only locality from which I have seen it fossil except Kow Zealand, 
He has also made a slip in the measuroinents of the zoarium, which 
should ho 12 X 8 millim., not 0*12 x 0*8 millim. 

The basal growth consists of a central portion formed of large 
tubes, around which are much smaller tubes, opening at right angles 
to the axis of the zoarium, with hexagonal or irregular angular 
openings. 

There is a specimen from Napier, which certainly seems to be 
this species, but it is without central cover and is much worn. It 
consists of subcolonies growing from one base. 

Loe, Living: New Zealand, f’ossil: Shakespeare Cliff (Wan- 
ganui). This or an ally from the Cretaceous of France; Faxoe; 
Btrehlen ; the Cenomanian of Saxony ; and Victoria. 

18. Licbcexopor\ radiata (Aud.). 

TAchenopora rarliata, Waters, Quart. Joum. Oeol. Soc. vol. xl. 
p. ()94 ; Porgens, Plioc, Bry. von Bhodos, p. 10. 

Loc. Living: British S(‘!is ; "Mediterranoan ; Australia. Fossil: 
Pliocene of Europe j Australia ; Waipukurau. 

19. Ltchekopora iTifiPiDA (Flcm.). 

Liclipnopora hhpitin, Waters, Quart. Joarn. Gcol. Soc. vol. xl. 
p. 094; ‘ Challenger ’ Ilcport, vol. xvii. p. 20; Pergeus, Plioc. 
Bry. von Khodos, p, 10. 

Loc. Lmng : European Seas; Australia ; Triskin d’Acunha, 100— 
1100 fath. Fossil; Miocene; Kisenstadt and M'irhisch, Crag; 
the Pliocene of Calabria : ^It. Gam bier ; Buirusdale ; Muddy Creek ; 
Murray River; Waurn Ponds; Waipukurau; near Napier. 

20. LicHEXoPoitA CLypKiFoioiis (d’Orb.). 

Tnbulipora cltfpnformis^ d’Grb. Voyage dans PAmerique Meri- 
d.ionale, vol. v. p. 19, pi. 9. fig. 5. 

There are some thick pieces of a confluent lAchcnopora from near 
Napier, in which the distinct central zocccia are raised into a mound, 
and start from the centre of tin? subcolony, thus leaving no central 
space. The peripheral zocecia are less distinct, and this portion 
resembles X. hi^pida. The xowoAa are 0*07 millim., and the intor- 
stitial pores 0*04 millim., both being smaller than in X. hispida. 
This much resembles Biniulticavca variahUis^ d’Orb., but differs 
from the Aldinga specimen in size, the centre of each colony being 
only about 3 millim. from the centre of those round it, and the 
zocecial and interstitial pores, as mentioned, are also smaller. Pro- 
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* L» variahilie i« allied to L. pristis, which in some aabcoloniea 
shows a tendency to multiscrial rays. 

Xoc. Living: lies Malouines. Fossil: near Napier ; Waikato. 

21. LiCHEKOPORA WANOANTTIEXSIS, pp. HOT, 

The specimens from Wanganui arc in single disks, about 5 
millim. wide, with multiserial rays. The whole of the 

centre tumid, with the tumid portion extending between the rays. 
The covering of this part is reticulated, with a calcareous finely 
perforated crust between the bars of the reticulation. Zocncial 
openings about 0*13 millim. wide. 

Lichenopora wanganuiensis, sp. nov. ; mmi-dia(jrammatic^ to show 
the tumid central area, (Enlarged 7 diameters.) 



There are some loss satisfactorily iirescrvcd specimens from near 
Napier, which arc usually ibrmed of contlii(‘nt colonics, with similar 
stnicturo of the contrul ptution. 

This may bo the Disi(pordIa nu<fiierranea of Eusk (Cat. Mar. 
Polyzoa, pt. iii. p. 33, pi. xxxiv. tig. 4) : but this is doubtful, and 
it is extremely uncertain whether liusk’s is the same as Blainville^s 
and Michelin’s species. 

A recent specimen from Port Phillip, which I consider to be X. 
echinata, MacC. *, has the central caneolii closed by a reticulated and 
perforated crust ; and this is also the case \\ ith some subcolonics of 
what I named Jiadipora jimioittsa from Naples. 

Attention has most been i>aid to the structure of the rays of 
XAchenopora ; but, for purposes of cla.ssification, it seems that the 
central portion is the most iiuportaut ; and this in many cases has, at 
different stages, quite a different appearance, so that both young and 
mature specimens should bo described. 

. This is also allied to L. califotmicay d’Orb. ; but specimens from 
Port. Western, Victoria, liave the central part covered over with a 
etyutinuokis minutely perforated crust, which spreads for a short 
distance between the rays. Wo are hardly in a position at present 

♦ Z. priMiSi MacG., seems to me to be the confluent form of X. echinataf 
liaoG., and has a similar structure in the centre of the suboolonies. 
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to decide upon the importance of the difference between the reticu- 
lated and the merely perforated crust. 

22. LrcHEXOPORA boletifokmts (d’Orb.). 

Lichenopora hohtifnrmtSy Waters, Quart. Joum. Oeol. Soc. vol. xl. 
p, 095, pi. xxxi. figs, 20, 21, 

A specimen from Waikato, with the zoarium in a single layer 
and confluent subcolonics, and with the biserial rays much raised, 
surrounding a depressed central area, api)cars to bo this species. 
The openings are all about tho same size, mostly about 0*15 millim* 

23. Lichenopora IIorLnswoRTHii (Busk). 

jyiacoporella Houldsworthii ^ Busk, Cat. Mar. Polyzoa, pt. iii. p, 33, 
pi. xxx. fig. 4. 

A recent specimen from Port Western, in !Mis8 Jelly's collection, 
has tho “denticles” to which I referred (Bry. Najdcs, p. 276, 
pi. xxiv. fig. 11) with VQTy distinct knobs; but tho sliapo 1 cannot 
make out, as it 'would bo necessary to break up the specimen. This 
is no doubt 'what Mr. Busk means by stellate pores ; but tho 
expression might have a different moaning ; comparison, however, 
with the British-M useum specimen has established tlio identity. 

Tho zomcial tubes are about 0*07 millim., and tho cancolli about 
0*08-0*00 millim. in diameter, with denticles in all tho tubes. Tho 
fossil from Waipukurau corresponds in the size of tho zoarium and 
in tho characters. 

This resembles ItnfUopora Fmnequana and Unicavea coUis^ d’Orb. 
(Pal. Fr.). 

Loe, Living; Ceylon (B.); Port Wostorn (Victoria). Poaail : 
Waipukurau. 

24. Beptocavea aspera, sp. nov. (1*1. XVITI. figs. 10 & 13.) 

The greater part of a small oystt^r-shell is thinly incrusted with 
this species. The zooecial tubes rise but very sliglitly from the 
general surface, having tho side of the x>ori.stomo which is directed 
away from the growing edge slightly raised and acuminate ; between 
these are small interstitial pores. 

Near tho border of tho zoarium, and occasionally elsewhere, 
radial hilaminate ridges rise from the surface, with zotoeia on each 
side corresponding to those of the basal structure. Usually, tho 
ridges rise hut very slightly (not more than 1 millimetre), though 
in one case a narrow tbliaceous expansion rises 4 millim. above tho 
surface and is 7 millim. wide. The minute structure reserables parts 
of Lichenopora hispida^ and on that account the specific namo is 
chosen. The growth, however, is that of Diaatopora or Meaentervpora, 
In the interior of the zotecial and interstitial tubes there are slight 
elevations, which no doubt represent the well-developed “ rays of 
Entalophora intricaria^ &c. There is a recent form from Now 
Zealand, which is at any rate closely allied. This last, however, is 
bilaminate, the laminte being large and contorted, the colony 
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lilirVmg originated on a Catenicell^a ; in the zocecial tubes the 
•Closures are terminal with small excontric tubular projections, and 
the interior of the zocecial tubes has slight projections a short 
NShstance down. 

B’Orbigny’s generic name will servo very well to show the 
l^lationship ; but I do not thereby wish to convoy that we may not 
weenie day have to place it in & better-understood genus. 

Xioe. Waipukurau Gorge. * 

^ jJS. Hbtbboboba pblucttlata. Waters. 

Jfeieropora pellicuJata^'Wa.terSf Journ. R. Micr. Soc. n. ser. vol. ii. 
p. 390, pi. XV. figs. 1, 2, 3, 4, 7 ; Quart. Journ. Geol. Soc. vol. xl. 
p. 077, pi. xxxi. figs. 24 & 2H, 

Meteropora neozelanim^ Busk, Journ. Linn. Soc., Zool. vol. xiv. 
p. 72o, pi. XV. figs. 1-4 ; Nicholson, Ann. & Mag. Nat. Hist, ser, 5, 
Tol. vii. 1880, p. 329. 

As I have already pointed out, direct comparison has proved that 
neozeXanica is only a synonym. This comparison was made with 
New-Zealand spocimons kindly furnished by Prof. Nicholson from 
the same locality as Mr. Busk’s. The interior was well preserved, 
hut tlio exterior was corroded, and the difference in the shape of 
growth is not. greater than in the series of Japanese sj)ecimcns in 
the British Museum. 

This may also be IT, ma<fn\Jic.a^ Novak ; but under any circum- 
stances it will bo advisaldo to change tliat name, as there is a 
Mnltlmvea marpiijica, d’Orb., which belongs to this genus. 

The branches of the Napier fossil are mostly long and about 
3-4 millim. in diameter ; the aj>erturos of the zocecia arc about 
0*12 millim., and the interstitial pores are only slightly smaller. I 
do not find that any of the Cretaceous or Jurassic J/Hcropm-a; in my 
collection have the apertures larger than about 0'0(> millim. 

The recent New-Zealand specimens have slightly larger zooecia 
than in the fossil, or in those from Japan. 

Loc, Living: Jai)an; New Zealand. Fossil: near Napier and 
** Napier Harbour.” 

26. Heterovoba. BAPncuEusis, sp. nov. 

There arc a number of specimens from near Napier, which 
I at first thought were only stout growths of If, peUtcxIata ; 
but this does not seem to be the case, as the zomcinl interstitial 
pores are usually about lialf the size of those of the fossil fl. 
peVicnlftfn, those in Jf. napiert^ush being only about 0*00 millim. 
The zoarium is sometimes formed of superposed layers, either 
entirely or over ]mrt of the surface, and in some there is also a 
tendency to slight tuberculation of the surface. 

The zoarium grows from a stout base or peduncle, from which 
arise several (in one case 8) short thick branches (5-S millim.), with 
round thickened ends, having much the appearance of some of the 
large calcareous seaweeds. 
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There are sometimes tabuloe in various positions in the cooecial 
tubes, but only one or two in a tube, and not many as in 
H. conifera. 

This may be the H, foraminulenta of Novak. 

Loc, Possil: Napier and Napier Harbour.” 

27. Cbisiija canceblata (Goldf.). (PL XVIII. %8. 8 & 11.) 

Jl^epora cancellata^ Ooldfuss, Petr. Germ. p. 103, t. 30, fig. 17. 

Idmonea cancellata^ Iteuss, Poss. Pol 3 rp. des Wiener Tort. p. 46, 

pi. V. figs. 25-27, pi. vi. fig. 33 ; Manzoni, Bri. foss. del Mioo« 
d'Austr. ed XJng. p. 7, pi. v. fig. 18. 

Zoarium from Napier 10 millim. high and 10-25 millim, aeroas, 
formed of anastomosing branches l*5-2’5 millim. in diameter. Th0 
branches are subtriangular, that is, they have a flat surface on the 
front between the series of zooecia, and the dorsal surface is slightly 
rounded. The series consist of four or five zooocia, which are not 
very prominent ; and on the surface between these as well as the flat 
part on the front, and also the dprsal surface, are numerous tubular 
pores, which, however, in some parts open diagonally instead of 
vertically. This internal structure is shown, in Manzoiii’s figure of 
Idmonea foraminosa^ llss, (Bri. foss. Austr. ed Ung. pt. iii. pi. iv. 
fig. 16 6). 

A specimen from Waipukurau is decidedly smaller, with the flat 
space in front very narrow ; so that the section is nearly triangular. 
At the bifurcation in this specimen there is au ooecial inflation, the 
surface of which has large pores. 

I do not consider that this can remain under Idmonea, and have 
used d’Orbigny’s name of Crisina, a genus \iudor which Heuss, 
Manzoni, and ^Stoliczka have placed species with a similar structure. 
The chief character must be considered to be the interstitial tubes 
between the zooecia, and in many of d’Orbigny’s Crisimr there is a 
space between the two lateral seiies of zooecia ; in Laterocavea and 
in fSemiceUnria rainosa also the structure with the small pores is 
similar. Possibly it might be called Laterocavea punctata, d’Orb. 
It is larger than Cri^ina foraminoea, Kss. (Soptarienthon, p. 109, 
pi. ix. fig. ()) ; but it is no doubt closely allied to this as well as to 
C. cana licnlata , 

Loc. Fossil ; Miocene of Austria and Hungary ; near Napier ; 
Waipukurau. 

Since the above was written, Messrs. Pergens and Meunier have 
given a long list of synonyms to Idmonea cancellata from Faxoc (see 
Ann. Soc. 11. Malac. de Belgique, vol. xxi. p. 214). 

28. CllASSOETORNEKA WAIPUKUKENSlS, SJ). nOV. (PL XVIII. figS. 2, 
3, 4, & 9.) 

There are two fossils from the cutting near Waipukurau gorge, 
which certainly seem to be Bryozoa, and which it is best to designate 
for future comparison. 

The one has broad thick branches, and the zoarial growth is 
apparently like that of Truncatula or Oeculipora, with round o]>ening8 
Q.J.G.S. No. 171. 2 b 
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0*25 millim. wide, regularly covering the front, while the dorsal 
enrface is sulcate, with elongate pores in the snlci. The front and 
back therefore correspond in structure with I/ornera, The other 
specimen has the branches compressed ; but the anterior and dorsal 
atnictures arc the same. This grows from a small flat base. 

Ceriojyora arhusculum^ Kss. (Foss. Polyz. Tert. p. 34, pi. v. 

figs. 12, 13), has much tho same o])pearance ; but from the meagre 
desoriiJtion identification is imiwssible. 

Should more jicrfect specimens show that it is advisable to retain 
the provisional name of Crassohomcrn, the genus must be defined 
on more sati>sfacfory material. 

There is also a small fragment of a large branching EntaJophora 
i^om Wai])ukurau. The zooecia are more or less verticillate, and 
there are two or more to a r^)w, suggesting a relationship to such a 
form as Peripora lif/erienKis, d'Orb. 


EXPLANATION OF PLATE X\ 111. 

Fig. 1, Evfahjthora w(i7iffanuints}\ np. nov. X H>. 

2, 3. Cranhohar-nt ra ifjaipttA’urt sjk nov. Nul unil size. 

4. Front of CraKHohorttern t>p. nov, x 2*>. 

fi. of rt'cetit En^utojilun'o iufrirarui , 11. x 37. 

(i. “ Knj’H ” ai' Kiifalttphnra hifrirarin, iJ. x -'.'O. 

7. “Kayw” of Lif'hfnoporu. ravtiato, And. X ToO. 

H. PVtait of C-rish/n ranrvilafa, Koikss. x 2.’>. 

*.t Pftfjiinl Hurluco of horn era traypvAurntififi, sp. nov. X 2»». 

lO. J{t 2 >^o<'avea aspera, sp. iu»v. Xjilurnl 
1 1. Doi’snl Hurfju'o of (.’ri.sina ciinreUafa. x 2'>. 

12. 'I'uhitlipirn hiihtpfieafn, sp. iiov, Nntxiral si/.v. 

13. lirptorat'ea Of^pt-ra, sp. nov. X 7. 

14. Tuha/ipnra tuditpfo'tifft, sp. nov. x 7. 

15. Tuhu/ipora (.'atopie/Hana, d’Orb. x 7. 
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26. On the Bocks of tJte Essex Deift. By the Bcv. A. W. Bowe, 
M.A., E.G.S. (Bead May 11, 1887.) 

The rocks of the drift in Essex are of such great variety that it is 
veiy' difficult to get a really rej>resentative collection ; but I have 
selected some two hundred specimens out of a much larger number, 
and these, 1 think, may fairly be called representative, at any rate 
of the rocks in the western and north- western parts of Essex. Some 
of these are chips from large boulders, others are rolled pebbles. 1 
have gathered them from the surface of the land within a radius of 
about four miles from Felstead, taking them chiefly from the open 
fields, the lanes, ditches, and bye-roads, and avoiding the main roads 
for obvious reasons, although no imported road-metal is ust‘d in the 
immediate neighbourliood. A considerable number have been taken 
out of the Boulder-clay, and some few from the gravel-beds which 
underlie it. The village of Felstead stands upon high ground over- 
looking the valley of the Clielmcr, about six miles to the north-w'est of 
Braintree and just off the highroad lietween Braint ree and Diiumow’, 
The general appearance of this part of Essex is that of a tableland 
which has been carved out into valleys, with gently sloping rounded 
bills. On tlje slopes of these hills there are at all levels, even to the very 
tops, beds of loamy gravel, alternating with a considerable thickness 
of stiff yellow loam in some parts, and in others with chalky Boulder- 
clay, patches of w’hich lie on the tops of the hills and along the upper 
slopes, somelimos reaching down to a considerable depth, while here 
and there the London Clay comes to the surface. The way in which 
the superficial deposits lie w as clearly shown a short time ago by a 
section which had b('en made in the railway-cutting near Dunmow. 
Unfortunately this has become covered up again ; but at the time 
it was made a small photograih of it was taken for mo by a fnend. 
The section showed that there were between six and seven feet of 
chalky Boulder-clay, imrt of wddeh only W’as uncovered, resting 
uj)on a layer of red and yellow laminated clays, a few inches thick, 
overlying some tw^elve feet of reddish loamj' gravel, consisting of large 
and small suhangular flints, quartzites, quartz-rocks, sandstones, 
and lumps of hard chalk, these hist being veiy plainly striated. 
Between the chalky clay and the laminated clays a large block of 
Jurassic limestone could be seen sticking out, and, upon examination, 
it w as found to b© deeply grooved with striae upon more than one 
face. I had previously found a similar block sticking out from 
under the Boulder-clay, about a hundred yards away from this section 
in the same cutting, and this also was striated in a similar manner. 
But besides the numerous beds of gravel, the surface is everywhere 
strewn with fragments of rocks, rounded pebbles, and flintstonee ; and 
in cutting open grips for surface-draining, or in deepening ditches 
and ponds, largo masses of flint, rounded boulders of quartzite and 
sandstone, and great blocks of dolerite and other rocks are thrown 
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out upon the land or into the lanes, or are carted ofF to the farmyards 
to repair walls or to serve as mounting-stones, or to fillup holes 
in front of the doorways. And upon comparing those which I know 
have been taken out of the . Bouldcr-clay with the rocks which lie 
upon the surface, 1 have found them to be, as a rule, so precisely 
similar in character as to leave no room for doubt that the great 
majority of them belong to the same scries. On the other hand, there 
are certain fragments of rock found upon the surface whose presence 
there is doubtless due to other causes than tlie glacial drift, such as 
fragments of Jurassic limestone and of hard chalk rock (used in earlier 
times for building churches and priories), and pieces of a trachytic rock 
closely resembling that which the Homans imported from Oermany for 
use as millstones. Yet, making all allowance for such fragments, there 
still remain the facts that an immense number of boulders and frag- 
ments, some of very largo size and nearly all polished and smoothed 
and rounded in a remarkable manner, are found lying on the surface, 
which cannot conceivably have come so far from where they are 
found in situ in any other way than as liaving been included in the 
drift ; and that, wherever the surface of the ground is being broken 
up at the present day, exactly similar boulders and fragments of rock 
are being dug up and left lying on the surface. These do not, however, 
appear to belong to the same period as the beds of gravel ; for not only 
is the general appearance of the stones in the gravel-pits very different 
from the appearance of those found on the surface, hut also, though 
quartzites, sandstones, and <piartz-rocks abound both in the gravels 
and on tln^ surface, yet 1 have not found any fragments of hard crystal- 
line limestone or of J urassic limt'stones in the gravel-beds, and onl)’ two 
or three fragments of dolcTiio, and those 8odeeom])os(*d,1hat only a very 
small core was still crystalline ; whereas, among the stones on the 
surface, blocks of hard crYstallino liniostone and of Jurassic limestone 
are most abundant., and there arc a very"’ great number of boulders of 
dolerite, some of considerable size, of which the crystalline components 
are as sharp and fresh jis if they’ had just been struttk off from an almost 
unweathered mass. The vt?ry’ great variety' in these ro(;ks makes it 
very difficult to classify tlnmi at all satisfactorily’ ; so much so, that 
after having examined several hundred pieties, and having made 
microscopic sections of at least one hundred and fifty, I find that I 
can do little more than form them into groups, and point out. the 
common features of each grouj), making special mention of any 
specimen which seems to require it. 

Granite , — It is somewhat more convenient to take the igneous 
rocks first and to consider the sandstones and limestones afterwards. 
And the first group of igneous rocks should have included the granites 
or orthoclase-quartz-mica rocks ; but though I have searched care- 
fully for them, y’et I have not been able hitherto to find a single 
specimen of granite. This is the more remarkable, because I under- 
stand that rooks of this class are not unfrequently found in the 
Boulder-clay both in Norfolk and in Lincolnshire. 

iSymite.-^Tho rocks of this class are also very rarely met with. 
At present I have found only^ two small specimens (nos. 1, 2). Of 
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these, the former consists chiefly of plagioclase and hornblende, with 
some good examples of magnesia-mica (biotite), and is therefore an 
orthoelase-x>lagioclase syenite, and the latter is a pinkish-grey rock 
w'ith not much hornblende, and that in specks. It resembles a fine- 
grained granite, and appears to belike the rock described by Mr.liiitley 
in his article “ On the Igneous Hocks of the Warwickshire Coal-field’ 

( (teol. Mag, December 555) ), though there is not much plagio- 

clase in the section which I have taken. 

Quart zporph If rites. — Thest^ rocks seem to abound in the drift. 
The specimens 1 have are numbered 3, 5, 0, 7, 110, 111, 112, 115 ; 
the character of the last four being so difficult to determine that I had 
at first jdaced tliem in another grouj) ; but ujmn the whole they 
ax^pear to belong to the ])orj>hyritic quaitz-rocks. Some of these 
specimens are very cb>se- grained and compact ; but in others the 
X^orxdiyritic crystals are very distinct, and in two or three oases tl»ey 
are so large and abundant as to give the rock the character of a 
conglomerate. The ground-mass varies from a distinctly felsitic 
cdiaracter to a niosnic of simill grains. The erj’stals of (piartz are, 
in some cases, mere rounded blebs ; while in otliers they are much 
larger, with more or less distinct outline, iliough usually rounded. 
Tliey arc freciuontly cracked, and, in almost all cases, are full of 
iriinute enclosures and lines of dust. Crystals of felspar also occur 
full of enclosures, much worn, and so decomposed as, in some cases, 
to i»resont a mealy ax)pearance. In no. 7 there is an ai)XJoaranco of 
fluxion-structure. 

Quariz-tounnaliue. — Kocks of this class also si’cm to l>e very 
abundant. The 8])ecimenH are num})ered 4, N, 1), lO, 11, 12, 108, 
105), 113, 114. The ground-mass is granitic; but the grains vary 
very much in size. Tltey contain schorl in abundance, either in 
needles enclosed in other crystals, or in aggrc'^gates of grains with a 
decided tendency to a fan- shaped or radiate formal ion, or in 8X>heroidal 
X>atches, or else in long lines xjassing irregularly through the section 
like thin threads. One of these sections (no. 1 13) seems to call for 
special mention, as it is in many respects a remarkable rock. The 
specimen is x>art of a large rounded boulder of very great hardness, 
which I dug out from the gravels ; it is x)ertectly smooth and highly 
Xwlished, and has very narrow almost ])arall(‘l bands of yc4low 
alternating with narrow hands of black, so as to give it a j>oculiar 
striped ax>X)earaiice. The fractured surface is <juitc dull and very 
compact. The microscoj)ic section shows a microcrystalline mosaic 
of quartz, alternating with numerous dark bands comxiosed of tour- 
maline with dark ainorx)hous matter. 

FfUites . — Of these rocks I have found four specimens (nos. 14, 
15, 16, 17), and these are all more or less devi trifled. Nos. 14 and 
15 are verj' dark compact rocks, of sp. gr. 2*65. The section of 
no. 14 shows a s]>hcruiitic structure and fluxion-arrangement ; but 
that of no. 15 is entirely sx>herulitic, for the spherulites pr€«8 
so closely upon one another as to fill up the whole sjiace. In 
no. 16 there is a fairly wide band ]>assing through the section, in which 
crystallites are x>lamly discernible in long rods, and in many cawjs 



T'elspar^porpliy rites . — Those rocks are exceedingly abundant in 
the drift ; the specimens are numbered from li) to 38. They 
Tary very much in appearance, but in all of them the porphyritic 
felspar can be clearly seen in the luind-si)ecimens, though none of 
the crystals are of any great size ; the sections show generally a 
crypto-crystalline felsitic base, enclosing porphyritic crystals of 
orthoclase and plagioclase, but chh'fly }>lagioclase — in some cases 
perfectly clear and transparent, in others in various stages of decom- 
position, much cracked and with outlines broken and indistinct ; in 
some sections the felspar is altered into a mealy appearance, in others 
it has a pearly lustre. Augile is occasionally present in granular 
aggregates or in scattered crystals, and in some cases (]uartz. Some 
lino instances of zonal siructuro in felsj)ar occur, notably in no. 21, 
and some sections contain tourmaline in abundance, especially nos. 
22 to 32 ; this last-mentioned specimen is in many respects worthy 
of notice, and it is qu<?stioiuihle whether it ought not really to be 
included among the (luartz-tourmaline rocks. The hand-8i)ecimen 
is of a dark grey colour and very vesicular, the cavities being 
lined with minute ])yramidal crystals of (]uartz and with minute 
crystals of tourmaline. In the section the porphyritic felspar 
seems to bo made up of aggrc'gates of minute crystalline grains 
corresponding with the ground-mass. The quartz is abundant, 
chiefly in aggregates ; but one long and very clear crystal shows 
twinning under crossed nicols, one lialf remaining dark shot-grej', 
the other pale yellow*; on rotation both extinguish partially and 
simultaneously ; when the nicols are not crossed, the pale yellow 
part on rotation shows dark purplish blue changing to pale yellow, 
but the other half shows no colour at all. Nos. 33 and 34 are typical 
augite-andesites ; in both the base is very vitreous and in 34 it shows 
great disturbance and fluxion-structure very clearly. The plugiocltise 
is very clear, though much broken, and tliere are some good examples 
of zonal structure. The augite in 34 is, in most cases, eirher enclosed 
within the felspar, so that only a border of felspar is visible, or else 
attached to it, in some oases lying partly within the felspar, partly 
in the base; in 33 there are some good examples of a distinctly 
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pleocthroic minoral of the enstatite group altering into bastite, the 
pleochroism being from pale green to brown. No. 38 contains a 
considerable amount of hornblende in irregular crj^stals, some of 
which is enclosed in the felspar. 

Trachytes. — I have found a fair number of specimens of these 
rocks among the stones on the surface, but I am very doubtful 
whether thej" really belong to the drift or were imported, probably 
in very early times, for use as millstones ; for 1 have found not only 
a curious small millstone made from this rock, bufc some other pieces 
also grooved and marked in an evidently artificial manner. A section 
from the millstone was kindly examined by Professor Bonney and 
pronounced by him to be very similar to the w^ell-known Nieder- 
mendig rock. They arc vesicular rocks of a dark grey colour 
approaching to black, and of a trachvtic texture ; the sections vary, 
no. 39 showing crystals of plagioclase and hornblende in a base 
composed of mieroliths of felRi)ar and grains of hornblende. No. 40 
has a vitreous base, enclosing abundant augito, but not much horn- 
blende ; in 43 the augito is again abundant and there are some fine 
instances of zonal struct ure : iri all these j ocks the crystals of augit/O 
and hornblende arc sTirroiinded ]>y a distinct narrow border much 
lighter in colour and showing no ploocbvoism ; under crossed nicols 
both crystal and border ext inguish together, but in some cases appear 
to leave a narrow^ rim of light lietwecii the crystal and the border. 

Dolerites . — Hocks of this class are exceedingly abundant in the 
drift, but they are all of a more or less fine-grained character ; all 
the coarser (loleritcs and all those of a tnu‘ oi»hitic character are 
remarkable for their absence. ^Mui'oover, I have not as 5 '(‘t found any 
specimens of columnar doJoi'itcs, though 1 understand that the^e 
rocks are of very common occurrence in the drift in the east of 
England ; but of those which 1 have found, some arc in very large 
blocks, much polished ami rounded, buttaily a lew retain an}' striie : 
one of these blocks, which was dug up out of a ditch some few 
years ago and takcji to the farm wheie it now lies, measures roughly 
3 ft. X 3 ft. X 1 ft. 4 in., it is much rounded and ])olished and 
in one small part of it the stria) are very clear; another large block 
was lately dug from a depth of sevcTal feet in a clay-pit, in 
which the yellowish-white clay is full of wdiitencd flints very plainly 
striated, like those numbered 173, one of which came from this clay ; 
the block was found broken or, rather, cracked into several large 
fragments. The specimens of these doleritcs are numbered 44 to 
94, and may be divided into five groups ; — The Jirst group eomprises 
nos. 44 to 52 ; the.se are of a fine-grained character and a dark 
greenish-grey colour, the crystals being just perceptible to the naked 
eye ; under the microscope the; texture is seen to be subophitic ; they 
are plagioclase-augite-olivine rocks, the plagioclase being usually 
in mieroliths or else in lath-shaped crystals ; the aiigite in aggregates 
or distinct crystals, in some cases rather highly coloured ; the olivine 
varying very much, being sometimes so much altered that nothing 
but the outline remains the same, in other cases being very fiesh 
and clear except along the cracks, and in some instances being in^ 
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aggregates ; in nos. 47 and 52 tlie magnetite is in skeleton crystals ; 
the specific gravity of these rocks varies from 2*86 to 2*90. The second 
group comprises nos. 63 to 60, rocks of a greyish-brown colour and 
fine-grained ; of these no. 59 is one of the few pieces that I have 
found in the gravels, and no. 60 is so much altered that it is some- 
what difficult to distinguish its component crystals ; they are plagio- 
clase>augite rocks, of a subophitic texture and containing no olivine ; 
the augite is in almost all cases in granular aggregates and the 
plagioclase in microliths. The magnetite in some cases is in large 
palates and skeleton crystals enclosing augite and plagioclase ; they 
l^pear to contain a little biotite ; the specific gravity of these rocks 
ywes from 2*81 to 2*93. The specimens in these two groups have a 
. general resemblance to the subophitic dolerites of Central England, 
i^me being very suggestive of the Eowley Hag, and others of the 
Ip leswell Bale rocks ; but upon comparing them with the sections 
;%ich 1 have made of the Rowley Rag, the Tideswell Dale rock, and 
the Mount Sorrell dolerite^ and with Mr. Allport’s sections of the 
Central England rocks, I could not find any such definite points of 
resemblance as would enable one to say with any certainty whatever 
that they are different parts of the same rock. On the other hand, 
they do not appear to have any special points of similarity with the 
north of England dolerites ; and upon comparing them with some few 
sections which 1 have of the dolerites of Southern and Eastern Scot- 
land and with Dr. A. Coikle’s description of these rocks in the Trans- 
actions of the Royal Society of Edinburgh, I could not discern any 
real points of resemblance. They be found to be identical with 
some of the Scandinavian dolerites, but they are altogether different 
from the few specimens of those rocks wliich wore sent me from Sweden . 

The third group of dolerites, nos. 61 to 83, includes some remarkable 
specimens of plagioclase-augito-olivinerocks of trachy tic texture, the 
magma in some cases being exceedingly vitreous. These are all very 
blaok-looking close-grained rocks, the cr 3 'stals not being discernible 
with the naked eye, except the olivine : one of these, no. 69, is from 
the gravel ; but the specimen was so deeom])osed that it was only from 
the core of it that a good crj^stallinc sectioi. could be obtained. The 
magma of these rocks is vitreous, the plagioclase generally in 
minute microliths and, as a rule, not abundant, in some few cases in 
granular aggregates, but generally in well-formed crystals, some- 
times porph^’ritically developed and of a fairty dark colour ; the 
olivine usually porphj^ritic, in some cases remarkably* clear and fresh, 
but occasionally altered, and in a few instances it is in granular 
aggregates. The magnetite is often in minute rounded grains, as if 
the section had been powdered with it ; in some cases it partially 
or completely fills up crystals of olivine, and in a few sections it has a 
linear arrangement. The specific gravity^ of these rocks varies from 
2*90 to 3*02. 8o far as I have been able to judge, these dolerites 
have neither any general nor any special likeness to the dolerites of 
Central England, except perhaps in these two respects, viz. that in 
nos, 76, 80, 81, the olivine is in granular aggregates, which, I think, is 
somewhat unusual, although 1 believe it occurs in some specimens 



ROCKS OF THE ESSEX DRIFT. 


357 


from the Rowley Rag ; and that nos. 64, 65, 66 have some 
points of resemblance to a rock from Swinnerton Park and to a 
boulder found near Leicester which resembles that rock ; but they 
differ in one most important jioint, viz. that nos. 64, 65, 66 coiitain 
porphyritic augite, remarkabl}'' well developed, whereas I under- 
stand that neither the Swinnorton-Park baSalt nor the Leicester 
l>oulder contain porphyritic augite at all. These dolerites, more- 
over, are totally unlike any of . the known dolerites of the north 
of England ; they are, however, remarkably similar to some Scandi- 
navian rocks, and this is especially so in the case of those very 
specimens, no, 64, 65, 66, which differ from the Central England 
rocks, and in that very point in which they so differ, viz. in their 
containing porphyritic augite ; for upon comparing them with some 
specimens sent me from Sweden and labelled Pilahall (Scania), 
Gustafsborg (Scanie), and Anneklef (Scanie), the general similarity 
between them is in itself striking ; and besides this the sections show 
that they are almost identical in the following points : — the clearness 
of the olivine, the porphyritic development and sharjmess of outline 
of the augite, tlie peculiar greenish appearance in the centre of 
many of the crystals of augite, the powdered arrrungement of the 
magnetite, and the specific gravity 2*9. 

The fourth group of dolerites, nos. 84 to 91, includes some rocks 
of considerable iiiferost. They are of a dark grey colour, as a rule 
very close-grained, some being less so and lighter in colour ; they 
are plagioclase-augite rocks of a subopbitic texture ; the plagioclase 
is usually in microliths and the augite in granular aggregates, though 
in 88 and 89 it ‘sin distinct crystals with line exam])los of twinning 
bands; these specimens are so remarkably like the rocks of the Whin 
Sill as almost to establish an identity, for not only is there a very 
great general likeness in the hand-s])ccimens, but the sections sliow 
that they are identical in several points : (1) the sections of the drifts 
rocks contain white colourless augite in long prisms, ( 2 ) they have some 
fine examj^les of a distinctly ])loochroic mineral of tlie enstatite group 
(hypersthene ?) altering into bastito, (3) tlioy have many small 
grains of biotito scattered throughout the sections, and (4) the spe- 
cific gravity of nos. 86 and 88 is 2*93. Ui)on referring to Mr. TealVs 
article upon the Whin Sill (in Quart. Journ. Gool. Soc. vol, xl. 
No. 160; it will be seen that the first three points are special 
l>eculiaritie3 of this rock, and that in three out of the six specimens 
mentioned the specific gravity is 24)4. I understand, however, 
that in Central Scotland there are rocks allied to the Whin Sill, and 
that the llunnebcrg rocks in. Scandinavia have been shown to be 
very similar to these rocks ; the two specimens from the Hunneberg 
which I have are of a totally different character, so much so that 
there is not even a general likeness between them and the 8X)ecimon 
which I have of the Whin Sill. 

The fi.fth group contains three specimens, nos. 92, 93, 94, each of 
which seems to call for special mention. No. 92 is a piece of an 
exceedingly hard boulder of dolerite, measuring about a foot each 
way ; the boulder is completely rounded and polished, but scarcely 
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at all weathered ; the eection shows it to be an ophitic hy^rsthene- 
beaiing dolerite, this being the only really ophitic dolerite that I 
have found ip the drift ; the plagioclase is abundant, but much of 
it is very cloudy ; the augite fairly abundant, much cracked and 
broken ; there are several very good examples of hypersthene both 
in grains and in distinct crystals, with the pleochroism from pale 
watery green to orange or brownish red fairly strong ; some of the 
crystals are much cracked and some almost filled up with dark 
yellowish -brown alteration-matter ; in one or two cases a fibrous 
structure has been developed. Ko. is a remarkable rock, if it be 
a genuine rock specimen and not a slag; it has all the appearance 
of a slag, being very black and vesicular, and the magnetite is the 
great feature of the rock ; hut it is also composed of crystals which 
polarize in bright colours, have some distinct outline, extinguish 
on rotation, though not simultaneously, and have some appearance 
of cleavage; its specific gravity is 4*51. The remaining s])ceimeii, 
no. 1)4, is a ])lagioclaso-augite rock of trachytic texture, of which the 
plagioclase is the groat feature ; for not only is it in abundant 
microliths with remarkably distinct fluxional arrangoinont, but some 
larger crystals arc enclosed, which are of anlonor consolidation to 
the ground-mass ; the section reveals a striictuio evidently very 
similar to that of which ITofessor .Tudd speaks in his article on tha 
volcanic rocks of the north-east of Fife ((4uart. Jonrn. (ieol. Soc. 
vol. xl. p. 428), where lie says, “ the minerals of the second 
consolidation consist of imperfectly developed imcrolites of felspar 
.... the glassy base contains numerous tricliites .... the dis- 
position of these and the felspar microlites of the second consoli- 
dation with respect to the larger })orphyritic crystals reveals a most 
striking fliow-structurc ; not only are these minuter elements of the 
rock arranged in irregular parallel biinds, but they arc crowded in 
front and along the sides of the porphyritiu crystals, trailing off 
behind them.’’ 

Grantillfes.—Afi these rocks are classed by some authors with the 
eruptive rocks, and by others with the metainorphic rocks, I have 
placed them here between the dolerites and the crystalline schists. 
The only two examples w'hich 1 have, nos. {<5, appear to 

be specimens of the same rock, although found at. different times 
and in different localities. The rt>ck is of a dark grey colour, of 
a holocrystallinc granixlar tcxtvire, and of a slightly schistose 
structure : the sections show that the rock contains plagioclase 
and orthoclase in ahuiidanee, but chiefly the former, the crystals 
showing signs of considerable strain, fc>r they are much broken 
and bent, and other crystals ap])enr to have been forced between 
the broken parts ; the hornblende is in granules, and there is much 
secondary hornblende in cracks passing through the sections, and 
in some cases through separate crystals, dividing them but not 
apparently displacing the parts ; the rock also contains hypersthene 
in abundance, in grains and crcstals, and some biotite. Mr. Teall 
ktndl}^ examined the sections for me, and he writes me that they 
are very interesting rocks belonging to a well -characterized ty]>e. 
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Similar rocks ooonr in Saxony, where they aro known as pyroxene- 
granulites, in Sweden (hyperite of Tdmebohm), in Minnesota 
(augite-diorite of Streng), near Baltimore (gabbro or hypersthene- 
gabbro of Williams), and in Scotland, where they have not been 
described. The original minerals appear to have been augite, 
hypersthene, magnetite, and plagioclase ; the plagioclase of the 
Baltimore rocks is bytownite ; in most districts whore they occur 
they show a considerable amount of variability in their mineralogical 
composition ; felspar is sometimes abundant, sometimes absent ; 
secondary hornblende is frequently present, and sometimes it entirely 
replaces both the pyroxenes 

Crystnlline SrhisU\ — These rocks are not abundant in the drift. 
The specimens arc numbert d 1)7 to 1 05 with 171 and IJSO. Of these 
97 to 108 and 180 are hornblende-schists, and are of a greyish- 
green colour and ck>se-grained. In some cases they aro evenly 
foliated and split with a very level fracture: in others they are very 
hard and much contorted, as in no. 100, a section wliit;h was taken 
from a largo boulder, exceedingly hard, thoiigli rounded and polished. 
The sections show orthoclase, as a rule, <‘]oudy and much altered, 
quartz not in any great quantity, and hornblende varying con- 
siderably. In nos. 97 and 99 it is in long prisms (nctinolite), in 87 it 
is in irregular grains and prisms with good examples of transverse and 
longitudinal sections and with some instanccss of twinning. In lOl, 
102 it is not nearly so abundant, hut in 103 it is most abundant in 
grains and prisms so minute that the haiul-sjjecirnen shows a very 
compact structure of a silby apjjearanco in which it is hardly 
possible to detect the separate cystals. But no. 98 is the most 
iiitert>sting of these sections ; for besides the hornblende and some 
irregular grains of a colourless mineral showing weak tints under 
crossed nicols (zoisite ? ), it also c<»nt;ain8 abundance of dark blue 
tourmaline (indicolito), the prisms sometimes showing a tendency 
to gather into radiate or fan-shnped groups. The fact of the 
occniTcnce of tourmaline in this rock, when considered in connexion 
M'itli the number of (]uartz-tournialine rocks in the di ift , makes it at 
any rate probable that they have come from the .same locality, viz. 
from some locality where tournialinc-]>earing granite is intrusive in 
hornblende-schists. Nos. 104, 105, and 171 are ruica-schists, 104 
being granatiferous ; this section was from a block of considerable 
size, and the garnets are fairly abundant, though much cracked and 
broken. 

Quartzites and Quartz-Iiorks . — These rocks arc most abundant in 
the drift ; the quartzites occur in very large boulders as well as in 
numberless rolled pebbles. Sometimes they are very clearly 
banded, but in most cases they show no signs of banding. They are 
usuallj' very tine close-grained rocks with a highly lustrous 
fracture. Quartz-rocks occur mostly as largo, rounded, and highly 
polished boulders, often, especially in smaller pebbles, of a rose- 
red colour. The only specimens I have of these rocks are 

* Lehmann ** Die Entstehung der altkrystallinische Gesteinc.** Streng, 
Neues Jabrbush, 1877. Williams, Bull. U. s! G^eol. Survey, no. 28, 1886. 
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numbered lOG, 107, 172, and of these the section of 107 is full of 
dark lines, apparently lines of line dust, crossing and recrossing the 
crystals. 

Silicijied Wood . — Some few specimens of silicificd wood occur in 
the drift; those 1 have are numbered IIG, 117, 174; of these 110 
was kindly examined for me by Prof. AVilliainscm, of Victoria 
University, and lie considered it to be eonilerous and probably 
Jurassic; 117 is a section of a much larger fragment, and shows 
very clearly the medullary rays, separated by interlacing woody 
fibre. 

^andstonen . — These occur in much greater abundance in the drift 
than any other rock except the flint. The specimens which 1 have 
selected are numbered 1 ly to 140 and have been for the most part 
struck off largo blocks much rounded and imlished. Some of these 
blocks aro very large, one measuring 5 ft. 9 in. x 3 ft. G in. x 2 ft., and 
as this lies deeply imbedded in the soft clay ground, it must be nearly 
4 ft. 6 in. in width. This mass was dug out some few years ago and 
to its present position, whore it forms part of a farmyard wall 
within a mile of Pelstead ; the sjjecimen is numbered 1^^2. In the 
village of Felstead there is a raised way, the outside border of which 
is formed of no less than thirty-six large blocks of sandstone, two of 
limestone, and one of dolorite ; others stand near farmhouses 
and blacksmiths’ forges and in front of inns. The majority of 
them are ferruginous, some being highly so ; a fair number are 
completely siliceous ; as a rule they aro very fine-grained, some 
being specially com])act and none that I have found being really 
coarse. They are also, with two or throe exceptions, entirely un- 
ibssiliferous. I am iridiihti^d to Mr. H. Keeping, of the AVood- 
wardian Museum at Oambridge, for having examined them, and he 
considered them to he for the most part Oarhoniferous Sandstones, 
two or throe being jiohhlcs of Millslt Grit ; the exceptions, whicli 
are fossiliferous, aro first a block of hard and comjiiict ri'ddish-yollow 
sandstone, no. 128, containing casta of Avivuloj^i cteu and some small 
fragments of crinoid stems ; and next two large blocks of a greyish- 
yellow sandstone, no. 1 2^1, one measuiing .‘1 ft. y in. X 2 ft. G in. x 1 ft. 
6 in. One of these forms part of tlie raised way in the village, and 
consequently I cannot do more than just chij) it. The ot her and larger 
block lies in a farmyard, and I have thorofore been able to examine 
it ; 1 have found in it fragments, but only fragments, of Pecten 
orhiculaH^l this sandstone has, however, a peculiar glazed surface 
when fractured, and Mr. Keeping recognized it as being of the same 
character as that which occurs in the Lower Greensand in Lincoln- 
shire, and "which he has described and figured in his paper on the 
Lincolnshire Neocomian (Quart. Journ. Geol. Soc. vol. xxxviii.). I 
have also found two or three smaller boulders of a glauconite sand- 
stone, which probably belongs to the same 'scries. In addition to 
these, there are here and there boulders of a rather soft argillaceous 
sandstone, but, so far as I have yet discovered, these are quite 
unfoBsiliforous ; and boulders of the coarse conglomerate known as 
“ Hertfordshire Puddingstone ” are fairly abundant, some of them 
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being of considerable size. In connexion with the sandstones, 
it may perhaps be w orth mentioning that an implement made from 
very bard sandstone was found on the surface close by Pclstead, and 
brought to me by the gentleman who found it. It is, I believe, 
a ralmolithic implement, of a shape rarely found in England, 
and may have been lying in the clay ; this seems the more likely 
from my having found two small implements and two abraded 
quartzite iDcbblos in the clay-pit mentioned above. They w’cro 
taken out of a yellowish- white clay full of striated tliiits and resting 
on phalky Boulder-clay. 

Limestones . — These are also found in considerable abundance in 
the drift ; the specimens nos. 141— 16J) belong to the ('arboniferous, 
Triassic, Jurassic, and Cretaceous series. Of the Carboniferous, 
there are boulders and fragments of all sizes, some being of con- 
siderable size, for one measures 2 ft. 3 in. x 2 ft. x 1 ft. 3 in., and 
another 2 ft. x 1 ft. 6 in. x 1 ft. They have become weathered to a 
light bluish grey aud are smoothed and rounded, but I have not de- 
tected any striation. They are of a highly crystalline character, dark 
grey in colour, hard, and fine-grained. The sections under the 
microscope show some very perfect examples of ValvuUna^ Endo^ 
thyra^ Trochamminay &c., chiefly V, bulloides, FI Toxingt^ 
Bowmani^ and 1\ inceria^ and in some of the sections the rhom- 
bohedral jjlates of calcite are very perfect. In addition to theso^ 
there is one small piece containing Lithostrotion (no. 160). Of the 
Triassic limestone there are two pieces from the liha'tic beds, 
nos. 162, 163, containing very good specimons of Plcuromyci 
croweomheia ; one . of these was taken from a railway-cutting at 
Castle Hedingharn, considerably beyoud my radius, the other I 
found near Eelstoad ; I am indebted to Mr. 11. Keeping for 
identifying them. They are somewhat interesting, because though 
I see that the llhsctic beds are said “ to extend as a continuous," 
though very thin band at the toj> of the Trias, from the coast of 
Yorkshire across England to Lyme Regis on the Dorsetshire 
shore ” (‘ Textbook of Geology,’ A. Geikie, p. 766), yet I understand 
that no llhmtic beds come to the surface anywhere in the north of 
England, and in that case these must be remnants of a very early 
denudation. Of the Jurassic series, there is a great abundance of 
blocks of all sizes, but I have taken only a few specimens, of which 
one or two are from the Cornbrash, and the majority from the 
Oxford Clay and the Kimmeridge Clay, containing Oardium^ Tri^ 
gonia clavellata. Ammonites serratus, &c. There are also two or 
three pieces of Purbeck Marble, containing Paludina Jluvioruni ; but 
inasmuch as this rock was much used for church-building and 
building of priories &c., I feel that all of it that is not actually 
taken out of the Boulder-clay must be looked upon with suspicion, 
and this will necessarily apply to many of the Jurassic fragments 
besides the Purbeck. Of the Cretaceous series, I have found one or 
two blocks of glauconitic limestone of some size, one in particular, 
measuring 3 ft. x 2 ft. Gin. x 2 ft., which lies in an inn-yard in Fel- 
stead, and is very much weathered and w^orn ; the section is numbered 
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109 ia A oeertioii of this hard ehalk, and ia foU of ciroolar 
of which littia hut the form can be detected. Mr* 
Keeping identified a specimen as being exactly similar to the 
hard chalk of Cambridgeshire. There remain only the dints and the 
Boulder-clay itself to be considered. The dints are by far the most 
abundant of the rocks in the drift, and sometimes are in blocks of 
very considerable size ; two great blocks wldch were dug out of the 
Boulder-clay in making a very deep drain measure respectiyely 
22in.Xll in,, and 19 in. x 11 X 7 in. In examining some Bouldcr- 
olay within two miles of Pelstead in a disused clay-pit, I dug out 
several large dints, which were so highly polished on all sides that 
the surface was quite transparent ; there were a great number of 
them lying in this clay at a depth of from four to five feet from 
the surface ; but though apparently whole as they lay, yet, when 
taken out, they were all without oxce])tion found to be sharply 
cracked in one or two places without being at all splintered, and 
the clay itself was quite undisturbed. Of the chalky Boulder- 
clay itself three slides will be fouiid numbered 170 ; they wore taken 
from a mass of this clay exposed in an open grip close to Pelstead, 
and thej^ contain great numbers of very minute Poraminifera, many of 
them in perfect preservation, mixed ui> witli particles of quartz- 
sand. 

I fear that this investigation into the character of the rocks 
of the Essex drift has so far been productive of little, if any, 
practical result ; but it is possiblo that the mere description of the 
rocks may lead to some imi)ortunt results as regards the general 
question of the glacial diift. In taking it up, 1 hoptd to discover 
some of the localities from which the different rocks had come, 
and it is possiblo that further investigation maj^ be productive 
of more definite results ; but at prohcnt 1 fool that the difficulties of 
actually identify ing these fragments with the rocks of any special 
Locality are so great that I am not myself cupahle of coming to any 
definite conclusion upon such a question. 1 ha\e to thank Professor 
Bonney and Mr. J. J. H. Tcall h)r so kindly examining many of 
the specimens and sections, and for several valuable suggestions. 
My thanks are also duo to Professor A. Gt'ikio and Mr. Clement 
Reid for kindly inspecting the specimens, and to Mr. H. Keeping 
for identifying several of the sandstones and the fossils in the 
limestmies. 

Discussion. 

The Pkesident said the author of the paper had shown how much 
might be done by a jietrologist even in so unpromising a region as 
Essex. Most geologists had experienced the difficulty of identify ing 
rocks transported from a distance. Pnless, however, the fragments 
are actually found in situ in the Boulder-clay, it is well to beware 
of concluding that they have not been brought to the spot. He 
related a case in which a Mexican carving was picked up in a Roman 
mcampment in Bevoushire. 
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ify , Whxtak%!R said it was oidy by oontinnal en.deavx>Q!ra to identify 
t&e rooks of the Boulder-^lay that any knowledge o£ their origin^ 
derivation could he obtained. He also noticed the nnmher of foreign 
i&ragxnents scattered over the oonntry artificially. The sandstone, 
which he concurred with Mr. Rowe in regarding as Neocoxnian, 
was one of the commonest stones of the Boulder-elay in West Nor- 
folk, but he had tried in vain to a^-certaiii its origin. The paucity 
of granites was common in the Drift of the eastern counties, but the 
occurrence of llhsetic stone was new to him. On the Cromer coast 
there were boulders of rocks similar to those on the table, and 
many of tho Cromer blocks w-crc of Norwegian origin. 

Mr. CoLK mentioned the numerous i)ebblos of igneous rooks in tho 
Bunter pehhlo-bcds, and thought that their transference to tho 
drift might complicate the question of the origin of tho materials. 
The Pri-8ij)1]jjt pointed out that Niedermendig hods were worked 
for mill-stones by the llomans, and fragments occuried all over 
lilurope. The sandstone with glistening fractured surface w'as from 
the Kpilshy Beds of Southern Lincolnsliire, as shown by a fossil it 
contained. 

"Mr. Kown said his specimens wore from large boulders, and nearly 
all had been found in tho Bouldcr-claj itself or could bo traced to it. 
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27, On the Origin of Dry Chalk Valleys and of Coombe Rock ♦. 

By Clement Reid, Esq., E.G.B. (Read February 23, 1887.) 

For many years the singular mass of angular flints and Chalk, 
known as fhc Brighton Elephant-bed, has been familiar to geolo- 
gists t* This deposit 1 had not seen till 1884, when I wiis in- 
structed to e.x amino, for tho Geological Survey, the Pleistocene 
deposits of Sussex between tho escafx>ment of the South Downs 
and tho sea. 

Coming from eight years’ work in slrongly glaciated districts, 1 
was at once struck by the aj>pearunce of the Ele])hiint-bed — or, as it 
is called in the district, tho “ Cooinbe Bock.” Jt is a very different 
deposit from anything commonly seen in the Yorkshire or Lincoln- 
shire Wolds, and different, though not so markedly different, from 
anything found in Norfolk. 

This oeeurrenco in n non-glaciated district of a tyi>e of gravel 
unlike anything of ordinary occurrence in glaciatt d districts of 
similar eonfiguration aroused my interest. Aftttr two years’ study 
of the beds in the field, 1 venture U* bring forwaid my views as to 
the mode of formation of Coonihe .Hock and as to the origin of dry 
Chalk Valb'ys — two subjects intimattdy e.onnei ted. 

Tlie eontiguration of tlu* surface beneath the drift on the seaward 
side of the South Downs is identic-il with tlail found in t^ie (.4ialk 
districts of Yorkshire and Liueulnshirt'. In each of tlieso districts 
we have a dip-slojio from tlu* edge of the escnrj)inent seaw ard. But 
this slope does ju)t pass under th(‘ low-lying drift areas ; it ends 
abruptly in a clilf, now^ inuch degraded, but still recognizable as a 
sea-cliff both by the marine dejiosits banked against it and by 
its independence of tho line of strike. This clitf is well seen 
at Black Rock, near Brighton, and passes also through Goodwood 
Park, 

Tho result of this ancient marine erosion is, that wo have in the 
South Downs a moderate southern 8lo])e from the escarpment, then 
a sudden drop at tho partially buried clitf, and then a plain sloping 
very gently seaward. 

It is needless to say more about this period of marine erosion, for 
the structure described is not directly connected with the subject of 
this paiMjr. It is important , however, to realize the general contour 
of tlie country before the Coombe Bock W’as dex)Osited, or one cannot 
understand the distribution of this later gravel. 

Bubsecpient to the formation of the ancient sea-cliff an enormous 
mass of angular dint and cludk detritus was sw^ept from the Downs, 
and spread far and wide in a continuous sheet over the low lands. 

^ The facts obtained during the woi*lc of the Geological Survey ai« communi- 
cated by permission of the Director General. 

f See Mantell, ‘.Geology of Sussex,/ 1822, p. 277. 
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This deposit seldom extends far up the valleys, but it can bo traced 
as much as eight miles south of the old cliff, over a surface of Chalk, 
Eocene, and marine Pleistocene beds. 

The Coombc llock, though of singular!}’ uniform character 
considering its coarseness, clianges as tlie distance from the Downs 
increases. In the Coonibes, and for tliree or four miles south of the 
Downs, it consists of a mass of unst ratified, or obscurely stratified, 
flints, battered, but not rolled, and imbed<l(‘d in a matrix of chalky 
paste and pieces of chalk. Close to the old clifl‘, as at lirighton, 
large masses of chalk are found in it, and also, locally, numerous 
greywethers. I’cbhles only occur in places where they might be 
obtained from older ))eds immediately to the north. 

As the distance from the old clift‘ increases, the Coombe Koek 
changes laterally into n deposit known locally as “ shrave.** This 
c<msists f»f angular Hints in a loamy matrix, the ]iro]>ortir)ns being 
siir'h that the mixture is worthless €*ither for gravel or brick-earth. 
»Still further from the (.'halk, as at Selsey, the shravo eliaiigos into 
almost clean brick-earth, though it still contains scattered angular 
flints. Tliin hrick-oarth also overlies a eonHiderable portion of the 
Coorahe llock around Brighton and Worthing. 

TIio fossils of the Coomho llock consist almost cntirel} of teeth of 
Horse and Ele))hant, broken, and apparently also docayed, hoforo 
they were imbedded. A few Paljeolithic irnjdeinents have also 
occurred. Though careful search was made I could not find a 
single mollusk,n<)r any jdant-nunains, except two or thri‘(^ pi(‘C 08 of 
decay <‘d wood. 

It seems evident, from the peculiar character of thct’oomhe llock, 
that it was not foriiujd by agents now at work in t)i(‘ distrhd:. It 
is not of glacial origin, for none of the stones ar(* striated, and the 
few from distant sour(^«\s are such as wo know occur in tin* under- 
lying m-.irine ricistocene dc]U)sif. It is not marim^ for it is almost 
unst ratified, the stones are not r<dlcd, and the marly matrix <*ontains 
no shells, though full of uiidissidved chalk. It cannot he a gravel 
forimcl by ordinary fluviatih*. action, for tlume are nn valleys to 
contain the streams, and no river t ransports soft, ehalk-det rif us more 
than a short distance, or lays down sheets of graved of this singularly 
unworn and unstrati tied character. 

The enormous shc<‘t of Coombe llock just described lias evidently 
been derived from the Downs, and 1 believe tli it a study of the 
contours of the Downs gives ns the key to its iiind** of formation. 

The petailiar rolling outline of our (.'balk Downs, the steep-sided 
valleys winding for miles among the liill.s, yet lu'ver, evtm in the 
wettest season, containing a drop of water, are familiar tyj>es of 
English scenery. J»nt, perhaj^s because so familiar, it doe.s not at 
first strike one that these outlines point to conditions which have 
now entirely passed away. No streams now fill these u]dand valleys, 
and where streams do occu])y the bottoms of Coombes, their beds 
fall very gently, so that they do not assume the character of mountain- 
torrents, as any stream in the steeper Coombes must necessarily do. 
It is impossible, under present conditions, fur any stream to exist 
a. J. G. S. No. 171. 2 c 
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in <Jiy valleys ; for the Chalk is so porous that the heaviest raia 

sinks in directly, and the most continued rainfall merely causes new 
springs to burst out at some point rather higher up the valley than 


Fig. 1. — Contour-map of a portion of the South Downs between the 
Yalley of the Adur and the DeviVs DyTce, (8cale 1 inch to 1 mile.) 



Explanation of’ tints. 
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usual. The upper and steeper portion of tlie valley still remains 
porfeeUy dry, and no innning water can be found wliere the incline 
of the hottoin of the valley exceeds the slope of the jdano of satura- 
tion in the clmlk. This is well shown in the Downs near Brighton 
(see tig. I ). 

This diflicidty in accounting for the erosion of dry Chalk A" alleys 
by running water has been felt by other geologists, who have tried 
to ovor<iomo it by an appeal to a former submergence and consequent 
rise in the level of the plane of saturation ; or to a former higlier 
level of the plane of saturation before the valleys had been cut to 
their present depth ; or, thirdly, to an enormous increase in the 
rainfall f. 

None of the explanations seem sufficient , though perhaps each of 
these agencies has to some extent assisted in the denudation of the 
lower j)ortioii of the valleys. 

There is no evidence of a submergence while these Coombes were 

* Prof. Prestwich, Prosidcntial Address, 187*2, pp. 58-63 ; and Dr. J. Evans, 
Prosidoutial Address, 1875, p. 37- 

t A. T.vlor, ** Action of Denuding Agencies,” Geol. Mag. dec. ii. vol. ii. 
pp. 437-476. See also Prof. Prestwick, “ On a peculiar bod of Angular Drift 
on the Lower-Okalk high Plain between Upton and Chilton,” Quart. Journ. 
Gwl. Soo. vol. xxxviii. 


plane of saturation, drawn with a rise of 60 feet in the mile. O.D. Ordnance Datum. 
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Fig. 2,— Sections of dnjVhalh Coomhes in the South Downs, (Scale 4 inche8=:l mile.) 
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li^bdg exodod^ In the descent of Cooznbes near Bottingdean to 
tho 8ea4evel, and the way that other Ooombes plunge beneath the 
tidal marshes of the Adnr and Arun, are strongly suggestive of a 
alight elevation while the erosion was taking place. 

» Prof. PrestwieVs view that the deep trenching of the Downs by 
valleys has gradually lowered the plane of saturation and dried the 
Ooombes, is clearly applicable to a large number of the slightly 
inclined Coombes like ihose through which the two lines of rail 
pass near Brighton. But the whole structure of the country, the 
proximity of the escarpment on the north, of t.ht5 old sea-cliff on the 
south, and of the deep valleys of the Wealden rivers, which traverse 
the Downs from north to south, shows clearly that the outlet for 
the water must have been just as free then as now, so far as deep 
trenching could aid it. All those features existed before most of Ihe 
Coombes were cut or tho Coombe Hock deposited. The greater depth 
to which the Ooombes have now been cut can bo left out of account ; 
for dry Chalk valleys play no iMixt in tho present superficial drainage, 
and it would make little, if any, ditferonco in tlie heiglit of the plane 
of saturation if they wore fill(‘d up again. 

The trenching cannot therefore afft‘ct the steejier Coombes, whore 
tho water-level is hundreds of feet below the surface and tlu* incline 
vety' groat, 'i'ho slope of tho plane of saturation in (’halk never 
exceeds, if it reaches, 00 feet in a inUo ; hero wo are dealing with 
slopes siddom Jess than 3 00 feet, and in several instances roacliing 
500 feet in the mile. To illustrate this, I have drawn on a true scale 
sections of the three Coombes in the South Downs, wdiieh are most 
generally visited (fig. 2). 

No change could cause springs to br<‘ak out in the ii])por jiortiou 
of these valleys, unless it were a deep submergence of tlie whole of 
the adjoining low lands. If such upland s]»riiigs liad formerly ex- 
isted, their successive failure througli tlie gradual lowering of the 
plane of saturtition would iiect'ssarily have left evidence in extensive 
deposits of rolled gravel. Winding terraces would also border the 
Coombes at various heights, like tho t(*rraccs round tlie Scottish or 
Norwegian fioi'ds. Tin* low lauds ought also to j’iold abundant evi- 
donce of a submergence of 1(K> fathoms, whether under sea or 
fresh 'water. 

Nothing of the sort occurs, and one of the most striking charac- 
teristics of tliese dry Chalk valhy s is the almost entire ai)fc.encc in 
them of gravel and the absence also of detinite terraces. If terraces 
formerly existo«l they ought still to he found ; for when once left 
dry they Avonld be out of reach of running water, and might be 
preserved for an indefinite time. 

There is another difticidty which jirevonts ns from accepting either 
of the above-mentioned theories. Nearly all the valleys traverse 
the whole breadth of the Downs, and then end abruptly just before 
tho escarpment is reached* If these valleys had been graduaDj" cut 
back by springs, many of them ought to fall northward to the 
escarpment, where most of the large springs ore found ; but nearly 
all the Chalk Coombes follow the general slope of the ground and 
open to tho south. 
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Of tlie effects of the hypothetical ** Pluvial Period ” I have 
nowhere been able to find any trace in the Coombe Kook. One 
would expect such a period to be characterized by a prolific aquatic 
fauna and flora. But instead of this, nearly all the Xfleistocene 
freshwater dei)osits I have been able to examine show a remarka- 
ble paucity of purely aquatic forms and a considerable development 
of amphibious species, such as can survive for a long time buried 
in mud. 

Again, a Pluvial Period would enormously swell the rivers, 
which would cut deeper and wider channels, traiis 2 )ort more gravel, 
and wear the stones more. Though Ave And almndance of deep 
channels cut through the Downs, tln^ most marked })eculiarities of 
the Coombe liock are that it sj>reads mainly in broad nearly level 
sheets, has been almost entirely swept out of the vallej s, and is yet 
very little worn. 

The ])cat-dc 2 :>osits, such as a Pluvial Period ouglit also to have 
left abundantly interhedded in its alluvia, are eiitirely absent from 
the Coombe Bock. It has been a great disai>])ointnj(‘nt to me to bo 
unable to obtain any i)lant-remains excoj>t a lew jdeees of decayed 
pine-wood, x)()ssibly derived from an old(‘r do 2 ) 08 it. 

From what has just been pointed out, it se(‘ms that none of the 
theories usually ncce])tcd is sufticicajt to aeeuunt both for the origin 
of the Coombes and for the transi)ort of the Coombe Itock. 

(Joomhes are not forming now — in fact, many are so sleep and 
narrow that they are gradually filling u]) from the chalk and flint 
rubble Avbicli rolls down the shqxjs, dislodgcfl by tlie shec]). Coombe 
lloek also is not now being formed. Tlie gravels of tlu‘ Ijavant and 
other chalk -streams ai’e of a totally different cbaracler, and the 
rainwash and talus now accumulating at tlie loot of steep slojies are 
also diftVrent. 

As no denuding agent now at work in the soutli of England 
seems sufliciently <'Ueigetic to aceonnt for the transport of this mass 
of rubble, and similar dejiosits are not well rejiresented in glaciated 
districts, it Avas at first A'ery difficult to <*x|)biin its origin. 

However, we know from the evidence of fossils that during some 
part of the Pleistocene Period a thoroughly Arctic faima and flora 
lived in the south of Eiigbind. At Fished on, near Salisbury, in 
beds that sc-em to correspond Avith tlie brick-earths associaiod Avith 
the Coombe Rock, we find many si>ccies of high northern mammals*. 
At Bovey Tracey, associated AA-itli the “ Hoad (a deiiosit very like 
Coombe Rock), tlie Arctic birch, bearberry, and some nodliern 
willows occur. In Central France the Reindeer is abundant. 

Judging from the northern character of the fauna and flora, the 
mean tem 2 >crature of North-western Europe at this period cannot 
have been less than 20 ' lower than it is now, probably it was 
about 30° lower. This would giA’e a mean temperature in the 
south of England very considerably below the freezing-point ; con- 
sequently aU rocks not protected by snow would bo permanently 
frozen to a depth of several hundred feet. 

♦ Stereos, " Flint Chips,* pp. 12-30. 
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This would modify the entire system of drainage of the country 
in a way that I do not think has been realized. All rocks would 
be equally and entirely impervious to water, and all springs would 
fail. While these conditions lasted, any rain falling in the summer 
would be unable to penetrate more than a few inches. Instead of 
sinking into the Chalk, or other perxdous rock, and being slowly given 
out in springs, the whole rainfall would immediati^ly run off any 
steep slopes like those of the Downs, and form violent and transi- 
tory mountain-torrents. These would tear uj) a layer of rubble 
previously loosened by the frost and unprotected by vegetation. 
The material carried away would not have the Chalk washed or 
dissolved out, for a single flood of this description could have little 
solvent power, and much of tho Chalk might not be thoroughly 
thawed*. 

Each of these floods would have an enormous scouring and trans- 
porting power ; for the full in the valleys is very great. It is 
noticeable that no Coornbe Rock is found in valleys that have a 
greater slope than 100 feet in the mile, and that the main mass is 
deposited south of the Downs, where the slope is much less. Pro- 
bably tho further transport across the low lands of the unworn flints 
Bcatforcd through tho brick-earth was greatly assisted by “ anchor 
ice.” 

On the flat lands any small channels formed by one snmmor^s 
floods would ho filled with ice and frozen gravel next winter, so 
that subsequent floods woiild have to cut fresh chami(‘ls over the 
plain. Tliis would lead to the formation of flat suhaerial deltas, which 
advanced seaward and hocamo confluent over tlie whole plain 
between the old cliff and tho sea. Chichester stands on one of 
these old deltas, which consists of chalky (k>ombo ltt>ck for 41 miles 
from the Downs and slopes about 110 feet in a mile : the loamy 
southward continuation is, of course, very much flatter. 

The constant excavation of new channels, while these conditions 
lasted, is probably tho cause also of much of the aj>pareutl 3 " un- 
systematic grooving so commonly found in rocks iinderl} ing gravels 
of this tyjH'; a frozen gravel is just as hard as, or x^rohably harder 
than, frozen chalk. 

This, I believe, was tho origin of our steep-sided Coombes and 
of the Coomho Hook. There is no need of any oxcessivo rainfall ; 
in fact tho apjiareiit deficiency of snow during this cold period, com- 
bined with the remarkably Arctic character of the fauna of 
Fisherton, makes it probable that it was a jwriod of drought, perhaps 
equivalent to the Ixiss period in Central Euroj)C. 

A recognition that physical conditions of this peculiar type held 
in non-giaoiated parts of England during the glaciation of other 
parts seems necessary to a more perfect understanding of the origin 
of our Pleistocene deposits. In the Arctic regions, beyond the 

* The en^sive power of rain fulling on porous beds before they are thawed 
has been incidentally alluded to by several writers ; but apparently this per- 
manent freezing of the rooks and consequent stoppage of all underground 
oiroulation in the south of England has not been taken into account. 
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limit of the ice, such a frozen belt is always found. It may be 
observed, however, that the frozen lands of Siberia and North 
America are cither lowlying or have been much glaciated. Con- 
tinued glaciation and denudation have destroyed most of the holder 
features ; we therefore do not commonly find steep hills of soft 
rocks, like those that were so rapidly denuded in England. 

In the south of England denudation during the continuation of 
these conditions seems to have been enormous and extremely rapid. 
If tho time had not been short, all soft rocks would soon have been 
])laned down to one gently undulating surface, like tho plains of 
Kiissia and Siberia. 

It is not here necessary to trj' to correlate the (^>ombo llock with 
any particular Glacial deposit of other parts of England. All that 
1 have attempted to show in this j)aper is, that a certain ti/pc of 
denudation must nc'Ct'Ssarily have acted in tho frozen lands, bare of 
snow, during some part of the rieistoccno Period. Tundra-conditions 
ma}' have recurred several times. Probably some of the so-called 
“ Interglacial Deposits ” of the norl.h merely show a deficient snow- 
fall and consequent change to these conditions. An actual amdior- 
ation of the climate need not have taken place. However, the 
further consideration of these i)oints must remain for future work. 


Discussion. 

The PaT]siT)i:NT observed that whatever differeiioc^ of opinion 
there miglit be us to the subject of tlic^ origin of dry valU;ys in the 
Chalk, it was one wliicli would always excite the interest of those 
who lived amongst them. 

Prof. Seklky stated that Canon Govi^r had long studied tho dry 
valleys of this ])aTt of the South Downs, and had come to the con- 
clusion that in tlieir u]>per portions they were excavated by glacial 
ice, and in. their lower j)arts by tlie action of running water. Last 
Easter lie went over tlie evid<-nce with Canon (iov'cr and (examined 
in detail the Eindon valley and adjacent distriels ; hut he failed to 
find any proof that ice liad playi^d an important part in relation to 
their formation. Gn the contrary, all the facts KC(;mcd to show that 
these valleys were in the main the wmrk of the sea, during a time 
of comjiaratively laijiid change of level of the land. Tlio valleys run 
up inland from the inland clitf of chalk, as they might he expected 
to do if they were formed by erosion along lines of jointing. It 
was manih^st that the valleys had formerly been filled with a not 
inconsiderable volume of water ; and high uj), at various levels, 
the hills were sometimes capped with a browui (day full of broken 
flints. He believed that this accumulation had boon swoj)t into its 
present position by tidal waters during the time when the land was 
being submerged and the waters were working up the valleys. At 
a much lower level, just before the valley wndens out, there are 
dex>osit8 of rollc^d flints two or three feet thick, which creep up the 
islopes, and differ as much from gravel as tho depasits on the hills 
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differ from Boulder«clay ; though he thought the two deposits might 
be connected in much the same way as gravels in the Eastern 
Counties were the residue of Boulder-clay left after tidal waters 
had washed the chiy away. The clay had heen swept out of the 
Eindon valley. He helieved 1 ho entranci^ to such a valley was wide 
in proportion to the duration or marine action upon it, and that 
although other ugtuicies may have since softejied it s features, there 
was no ground for ajjpealing to them to accouiii- for its origin. 

Mr. Eva NS \^as grateful for any new tlu?ory olTeriiig an ex]>lana- 
tion of the Elophant-bc<L He agreed as to the possildlity of the 
frozen condition of ground, hut Avas not prepared to go tlie 
whole length of the Aullior. He dissented from llie views of Ih’of. 
Seeley. Tlie <ni< slion of llic Elejdiaiil-hed was distinct from that of 
the formation of Coombes. Its age was iintlouhtedly suhsetpient to 
the elevation of the old suhmeiged dill*. He considered that with 
a certain amoiiid. of submergence, streams of water would run in 
the now dry valleys. Aeconling to tbe Author’s liyi)oth(‘sis, the 
morti impervious the condition of tlio Chalk the mori' rapid would be 
the process of excavation. Tliis ho was ])r(ipared to aec(?]d ; but a 
greater rainfall wtuild have much tlie same effect as frost. Il' the 
Chalk hills were saturated Avitli Avator, the eomlitioiis Avoiilcl, as lie 
had elsewhere shoAVii, he veiw nearly tin* same as if the rock Avero 
frozen, h’ven a double rainfall might in som(^ (h»alk districts jiro- 
duce saturation nearly to the surfuc<>. 

He strongly objected to Prof, Se'chy’s ideas res^ieeting the dojajsifc 
on the hill tops: it was more pj'obable that tlie heights of the South 
Downs were capped liy a cliiunicul <lc*]>osit, which Avas the residuum 
of the chalk already rcmovial hy solution. 

ilo again expressed an oi»inion that Air. lleid’s theory was well 
worthy of considm ation. 

Dr. Gkikii-: had ac<'om]>anied tli<‘ Author over the ground and 
considered him to he on the right track. "Wdth out doubt the A'alleys 
were the result of subaerial denudation, and he was astonished at 
what had fallen from I'rof. Seeley. d'ho A^allcvs Avere doubtless 
outlined before the(tlialk Avas exp(»sed at the surface, and their siib- 
sotjuent erosion in the Cdmlk had lu'cn effected by solutit»n and 
mochanicaJ. abrasion under conditions wJiicli have iioav^ disap])eared. 

Dr. Hicks ohserA’^ed that Air. Koid sjioke of great cold, thc^rvdore 
the period he av'us desciibi ng must have been the climax of tbe lee 
Age. The animals found in the l*leistocene dcjiosits referred to Avere 
simply driven from their northern liome by the advance of the ice. 
Man would follow the animals on AAdiich ho lived; therefore the 
implements obtained from these dei>ositvS belonged, probably, to 
the northern man, Avbo must be considered as of preglacial age. 

Mr. Topley, after alluding to the breadth of the discussion, bore 
testimony to the value of the Author’s hypothesis. Jt was not a 
new idea that the Coombe Hock represented the glacial deposits of 
the north of England ; but the really new point in the paper Avas the 
notion of the ground south of the area under ordinary glacial condi- 
tions having been solidly frozen ; and if the whole country wero 
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thus frozen, the action of running water would he to excavate in tho 
manner claimed for it. Ho then proceeded to institute a com- 
parison between the conditions obtaining in tho North and South 
Downs respectively, and stated that tho absence of any deposit 
representing the (Joombo Kock in the north, and also the fact that 
dry valleys existed throughout tho Chalk area in Coiitriil France, 
were difficulties in the way of accepting the Author’s coiiclusious. 
He gave some reasons for believing tluii the South Downs represent 
a later stage of denudation than do tlie Nortli Downs. 

Mr. IhiACH thought that tho theoiy advaneed by tho Author 
accounted fui* the plieiiomena of tho dry Ohtilk valleys ; hut in order 
to make tho Chalk impervious to surfaco-watm*, it was not n(‘C 08 sar 3 ^ 
to have it frozen to the depth of several hundred foot. Tlu^ same 
result would be brouglit about by the freezing of the ground for a 
few feet- below the surface. Tho Coombe Kock was evidently con- 
nected with the excavation of these valhys. The ]>resenc(* in it of 
iiumorous fragments of chalk and tlints not rounded seemed to 
indicate that its materials were laid down by .streams Hooded during 
the Hummer seasons and much reduced in siz(^ or frozen during the 
winti'rs. The thawing of the surface during tlie summer would 
set free angular fragments of chalk sjdit by the previous winter’s 
frost, and Unj materials thus let loose would be s\vc])t down tlio 
valleys over the still frozen substratum. In this rospiad the Coombe 
Kock ditfers materially from the alluvial gravtds of the exist-ing 
streams in that region, which contain abundant rounded Mint 
pebbles and few or no chalk fragments, the hit torbtdng disintegrated 
or dissolved before they have travelled any distance. Tho decayed 
character of the hones found in the (k)om))e Kock was in marked 
coiitra.st to the fresh state of the chalk fragments, and soomed to 
indicate that tliey had been exposed to the weather j)rior to tho 
formatfion of that rock. 

Dr. ILinuk observed that in Canada, where the ground is solidly 
frozen to a certain deplli each winter, a greater amount of denuda- 
tion is effected in hours, at the sudden hreak-up of the frost in 
spring, than takes place during tho whole of the rest of tho year. 

The Authok, in reidy, said that tlie valleys no doubt had been 
largely outlined before the period dealt with in his paper, some of 
them might be the continuation of old Weald valleys. Tho former 
existence of an overlying clay deposit had something to do with the 
original outlines. As evidence of the submergence spoken of by Mr. 
Evans, he instanced the marine beach at Coodwood, 130 foot above 
the sea. 8uch submergence occurred before the deposit of Coombe 
Kock ; it might aid in the excavation of the lower valleys. As 
regards rainfall, the fauna is Arctic, and there should be snow 
rather than rain, yet we have no evidence of true glacial action. 
No attempt had been made at correlation with the deposits in the 
north. In this district the old Tertiary deposits had gone, but it 
was otherwise in the North Downs. 
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SS. PHTSttOAXi Histobt of the Baoshot Bkds of the London Basin. 

By the Bev. A. Irvino, B.Sc., B.A., F.G.S. (Read Januaxy 26, 

1887 .) 

[Abridged.] 

Intboddction. 

To the statement of my views on this subject in the Quarterly Journal 
of the Society (vol. xli. pp. 492, 507, 508) I adhere in its main 
outlines, notwithstanding the adverse criticisms upon it which have 
appeared since in the (iuart. Journ. Gcol. Soc. vol. xlii. (pp. 402- 
416). Certainly 1 felt that, from insufficiency of data, some of the 
correlations were tentative and open to such corrections as further 
investigation or criticism might show to bo necessary. There can, 
however, be but little doubt that the method which i)roce<'ds by 
attempting to definitedv correlate by stratigraphical evidence the strata 
Roeii in the sections on the flanks of the llagsliot district with those of 
the interior of the nioiii mass involves f(‘wer assumptions than such 
an attempt as has b('on made by later authors (Q. ,).(». S. loc, vit.) to 
determine the liorizons of those' marginal strata by a comx>arison of 
them with one another. Underlying the latter ])rocess there is the 
assumxjbion that more contiguity or ]>roximity to the London Clay is 
evidence of J ower llugshot horizons ; but tliis involves manifestly 

J consider that the cast* must rest mainly on the pJtjishal evidence, 
and that, if no instance remained of a ft)riu(*r ovcrhq> of lower 
by higher beds, the case would n(»t ht* divsproved, so long as the 
stratigraphical cyidcnce was not vonit'adh tttrtf \ and the tailuro to 
show any overla}»])ing at the present timt* could he explained l>y the 
subsequent denudation of the country, the main lint's of which have 
been, as is >vcll kno\\ n, determined far more Ity the dist rihution of the 
plateau-gravels of t)uaternary or earlier times than ])y the strati- 
grapliicid structun* of tlie district. If later authors, therefore, had 
dis^iroved the existence of overlap, they would liut have disposed of 
the corollary to the j)roblem, and the}- would still be confronted by 
the physical evidence. As regards the ])aliconlological evidence, it 
is only right to remark that the very small j)ercentage of the sections 
in the Upper Bagsbot in which fossils have heen found, together 
with the very imperfect state of their preservation (mere irony casts), 
suggests tho possibilit)’ that the fossiliferous localities may owe that 
character to the mere accident of the xireseiico of a little more 
binding material. vVnyhow, the eWdence on the affirmative side is 
too feeble to justify us, on the strength of its mere negation, in re- 
jecting strata from tho higher beds merelj’ on account of absence of 
fossils, if i)hysic?il and stratigrnjjhical evidence justifies their assign- 
ment to such horizons. Tho fact that “ the best-preserved specimens 
are high up in the series” (Q. J. (1. S. vol. xlii. p. 415) maybe accepted 
as a fact strongly corroborative of my view as to the maiine-estuarine 



•origin of the TTpper Ban4s^ showing a gradual advance towards fhller 
marine conditions in those strata. So with the so-called ** Middle 
Bagshot*^ group, localities may occur (e. Ascot ♦ and Yateleyt) 
where marine fossils are plentiful and, in some cases, in such a state 
of preservation as to show that they are found in their original 
habitat (probably the still waters of lagoons kept saline by percola- 
tion or by occasional inroads of the soa) ; yet there is nothing like 
such a general prevalence of them as would justify us in assigning 
a marine origin to the Middle Group taken as a whole. The most 
successful collector of fossils from the beds of this group has informed 
me that they are most numerous in certain thin whitish bauds in 
the green earths — a fact which reminds One forcibly of the way in 
which marine fossils occur in thin bands in the Coal-measures f:, 
which no one would think of calling on that account a “ marine 
scries/’ Again, in other Kocene deltas, e. fj. in that of the upper 
lignitiferous series of the Soissonnais § ami in many modern deltas ||, 
similar facts are so frequently met with as to be quite common-place 
in j>hy8ical geography, as is also the fact of the gradual subsidence 
of estuarine areas So far from there being anything “ unusual” 
(Quart. Journ. Geol. Soc.vol. xlii. p. 41(5)iri this, a moderate acquaint- 
ance with contiuental Eocene geology shows that it was but one of 
many incidents of a similar nature, producing frequent intorstratifi- 
cations of marine, brackish, and freshwater deposits, which charac- 
terized Tertiary times over a large part of the Euro])can area W o 

are also confronted with the fact that in the Jlagshot series of the 
London area there is an absence of any such record of perfect marine 
conditions as is preserved in the coiitomi)orary (Jalcairo grossicr, and 
in the yet more massive Eocene limestones of the Bavarian Alps. 

Mr. Etheridge informs me that the London Clay of the Metro- 
politan area yields no less than out of the Eoraminifera 
known in the London Claj* up to the present time, yet none of 
these pass up into the beds above- Wo must note, too, the absence 
from the London liagshots of the important classes, Actinozoa, 
Echinoderniaia, Ci'uHacea^ and BracJiiopoda (represented in the 
London Cday by J30 genera and 50 species), and the entire absence 
in the Lower JJagshot of the B5 genera, including 110 species, of 
LameUibrdnehiata known in the London Clay, and occurring for 
the most part in that formation in tho London Basin ft, while only 
0 genera and 13 species of this class reappear in the Middle Group 
These facts seem to point to such a break in the succession of 

Quart. Joum. Gcol. Soc. vol. xxxix. p. 349. t Ibid-, vol. xli. p. 500. 
t Cf, Green, ‘ Nature,' January 0th, J887. 

§ Meunier, ‘ IjCs Causes Actuclles &c.,’ pp. 2f>9 et seq. 

(I Lyell, ‘ Principles of Geology,’ chapters xvii., xviii. 

^ Green, ‘Physical Geology,' pp. 292-:i94. 

Credner, * Elemente der Geologic ’ (3rd ed.), pp. 003, 004 *, Zittel, * Aug der 
Lrzeitj’pp. 419 et seq. It follows from this that we must be prepared to find 
overlap in places. {Cf. Geol. Mag. dec. iii. vol. iv. p. 109.) 

ft Etheridge, ‘ Stratigraphical Geology and Palaeontology,’ pp. 61 1-61 4- 

Memoirs of the Geologitsal Survey, vol. iv. p. 600. In Quart. Joum. Qeol- 
Boe. vol. xxxix. p. 349, two additional species are mentioned. 
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life-forms as could scarcely happen, without some unconformity in 
the strata. 

It is scarcely necessary to refute an objection to my view on 
the ground of the considerable interval of time required (Quart. 
Journ. Geol. Soc. vol. xlii. p. 410), an objection, which, in bringing us 
down to the riiocene, seems to ho based on a forgetfulness of the 
Oligocene and Mioctuie, and of ilio groat space in time represented 
hy tlie contemporary Nummulitic formation and by the subsequent 
elevation of some of the iottiest mountain-ranges on tin? globe. 

The “ peculiarity of the ground-plan *' referred to is a niisconceptiou 
arising from inattention to altitudes. Tlu*. noithern side of the 
district, which I have workerl more in dtaail, is found to come out 
very well on the horizontal ground-plan, as 1 tliink will be sc‘en when 
it is resurvoyed. 


Knvinw of tiii: Physica!, Kvidcnck. 

1 . Pebhh /i . — 'fhe hilV'rence dra wn in my last pa])er ( vol . xl i . ]>. 4 bO ) 
was not inUmded to imjdy an abs<*n<*e of ])el>bles in tin' whole I.ower 
Bagsbot ; and I lail to perceive bow an inference from a cijcuin- 
Bcribed raiigtJ of data can logically bear such a general ititei pretation 
as has been inqjosed iq>on it. 4'o the Ihrta' well-seclions tlu're cited 
may now be addtsl those at lb*o(>kwood itb'o). ^hig., August l.sSti), 
Cbobbam IMaco, Hagsbot, l>ogmers{i(d<l Park, and Claremont 
Ucol. SurYt'V, vol. i\, «)>)>. ), 'i'liorjx- and llatehi'old (reci'iiMy ])n])lisbed 
hy Tdr. \\'bit.ak<‘r ‘ Prue. (.'roydon Mier. and Xat. [list. (JJnl),' 
pp. r)4. (>(>). N(‘ithe»' in these nor in tlie c'xjensive (‘xposun's of the 
Low'er Bagsbot on tlie South-western main liin* is there a record of 
thoiu. There is sonu' doubt wJielber the few *• pebljjes " met with 
in the Ascot ^ were not ]>yritous nodules. All tins does not 

of course jLO*ee.' a ^fou ral ntyafir*'^ though it increases the necessity 
for caution. 

The alleged ease recently cited 't, with somi' em])hasis, of the occur- 
rence of ]>ebbh‘-heds in tin* Lower liagshot at .St. Anne’s Hill, Cher isey, 
breaks down on investigation, TJie bill is men ly an old river-valley 
esoarjmieut of tin? 'J'haiues, which has uTulergono the usual process 
of w^cathcring, with degradation of the higher beds, the fh'fht'is 
of which is now strewn on its flanks, jiartly in the form of talus, as 
may be w^ell soon in the largt' ]>it on the north-east liauk of the hill, 
wherethe pebbles occur roughly interstratilied with green earthy sand 
and rotten purplish clay, the crude stratification lu'ing just what one 
is acciistoined to in sections of talus-heaps. In places, as at the top 
of the larger pit, small landslips are detected. The road-section up 
the flank of the hill shows nothing hut such a confused mixture of 
dibrix (in this case, sand, clay, and pebbles) as may he generally 
observed in similar instances. The conglomeratic masses are agglu- 
tinated portions of the pebble-bed which have fallen from above. 

* Proo. Geol. As^otx vol, ix. p. 417. 

t Quart, Journ. Geol. Soo. vol. xlii. p. 404. 
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The pebble-bed is probably seen in situ in a cutting made for a 
footpath leading to the top of the hill, and above this there appears 
to be a capping of sand, proved to be 16 ft. in depth on the crest of 
the bill, and which may be the basal beds of the Upper Uiigshot. 
In the smaller and disused i)it some of the I.ower sands are well 
shown, having been laid hare b}' the removal of the pebbly (Uhris 
which had accumulated at the base of the old escarpment The 
few patches of pebbles which remain have been formed by the simple 
lodgement of pebbles on a sort of ledge formed by rain-water action 
owing to the unequal tenacit}^ of the beds ; and tliey can be seen 
to be continuous with the pebbly surface-covering of the hill-ilank 
by lines of pebbles standing on end in the sand, just as ihc}" would 
api)car to luive lodged in an ancient rain-water gully. In removing 
one of the smaller patches and a part of the principal one, to make 
sure that they did not run into, and become ineorporaled with, the 
stratified beds, 1 obtained out of the middle of ilie largest patch, 
in the pn'scnci^ of Jl. C. Leigh iiounett, Ksq., the pro])rietor, and 
AV. H. lludloston, Ksq., F.lt.S., an angul.jr and discoloured flint 
and a rolled fragment of chert, both of which are very (diaract oris tic 
of the later ])latea\i-gravcls of the district. On the strength of the 
above evidtmee, it imiy be confidently assertcal that there is no truce 
of pebble-beds of Lowei'-llagsbot ago F in the sections referred to 
or of “ the existence of a pcbble-))ed in the Lower Bagsbot of 8t. 
Anne's Hill "J. 

Now, when it is recollected that this was the only case of apchlde- 
bed in the Lower Ihigsliot wliich could be aflduoed b}" two diligent 
observers, wo nniy well be8ce])tie/ul as to the exist (‘iioe of such Ixjds, 
though occasional lints and laye?*s of j»cbblos do occur. I'liis beirig 
so, and the Essex llagshot pebble-beds being of doubtful ht)risif)n §, 
we cannt)t allosv the ptsbble-beds at liarkham, Kasthaiupstead, and 
llracknell to be claimed fi>r the I.»ower (Iroup on account of their prox- 
imity to the London Clay. Indeed tlmir prcHmre w evidmee rather 
arjainfii than for sm:h a horizon, for the linos and layers of pebbles 
met with here and there might liav't? been fnrnislied by the contem- 
poraneous denudation of tlui London Clay itself ; and no greater 
importance attaches to these, to inj’ mind, than to occasional la, vers 
of Hunter pebbles in the loM-er sandstones of the Kouper. Their 
occasional presence seems to indicate inequality in the transporting 
power of the currents, as we should exi)ect in a fluviatile series of 
beds, and this is perhaps all that they do indicate. 

2. False~heddin<j , — Hy “ false-bedding^’ I understand any marked 
departure in the stratification from a general ])arallolism of the 

♦ In three surveys of the hill, I have observed nothing wJjich requires the 
notion of a fault to explain it (see Mem, Gcol. Survey, vol. iv. p. .iuti). 

Quart.* Journ. Geol. Soc. vol. xlii. p, 404. ^ Jbid, p. 417. 

§ In quoting these in the discu.ssion of this paper, Mr. Whitaker appears to 
have forgotton that he had himself suggested (‘ Guide to the Geology of London,* 
p. 52) that the Essex pebble-beds may belong to the Middle Group, a suggoa- 
tiou with which I should entirely concur from tlieir asatwiation with beds of 
the lithological character of that division (Mem. Geol. Survey, vol. iv, pp. ;320- 
328). 



878 B£T. A* IBTXKO 09 tTHE FHTfilOAl. HZ8T09T Of 

lading-planes, of which oblique lamination ” is a minor feature, 
^at this is not a necessary indication of Lower-Bagshot horizons 
is seen from the simple fact that it is very commonly observed in sec- 
tions of more coarsely arenaceous beds of the Middle division, and 
serves as one general character wherewith to link the two together, 
as on the whole representing a continuance of similar physical con- 
ditions, while it helps to differentiate them from the tipper Sands, 
in which the bedding is for the most part very indistinct. 

3. Pipeclay , — This need not owe its origin in these beds directly 
to the well-known process of kaolinization of felspathic minerals ; 
it seems to me more likely that it owes its existence in them to the 
dccomi)OHition c)f tin? chalk and the leaching out of the iron by the 
action of j)cai;y acids, Kecent experimental study of this question 
has tended to ctaifirm this view, so that I am inclined to regard the 
prevalence of pijKj-clay as a ])Ossil>lo indication of contemporaneous 
Bubaerial denudation of the Chalk, and of its elevation, therefore, 
above the sea, within the catchment-basin whoso waters were drained 
into this Bagshot area. But this applies to the Middle as well as 
to the Ijowcr group ; in fact, tliere are greater accumulations of 
this mineral in tin; former tlian in the latUir This being so, wo 
cannot admit the presence of pipe-clay seams as conclusive evidence 
of a Lower-Bagshot liorizoii t. Further, thin layers of colourless 
clay are occasionally mot w'ith in sections of tho Upjier group in tho 
interior of the district, as well as in some of tho more sandy portions 
of some of tho ]>latoau-gravels. 

4. Derived ^lali^ruds . — Tho possible occurrence of such from the 
older Tertiaries in the Middle group at Brookwood J has l>een 
already indicated, and Brof. llupcrt Jones lias suggested the appear- 
ance of derived massos of clay in hods of the same group §. 

5. Irony Vonen iionft. — These are at least as abundant in tho 
beds of tho Middle division us in those of tho Lower. They occur 
in tho upx>erinost bed of the former fre(iuently enough. They often 
retain imi>ressions of vegeLihle structures, or they form rough hollow 
tubes, just as recent bog-iron-ore often does. Some caution is 
needed in intorjiroting an apjmrent annular structure as a “ sign of 
wood,^' since, as Both has pointed out ; , this stmeture is often due 
to tho rolling in a dry season by the wind, and subsequent burial, 
of parlly dried and curle<l-up xiortions of the carbonaceous and 
ferruginous mud which is found at tho bottom of stagnant pools of 
w ater, I have in my x^ossession sx>ecimeii8 of ferruginous concretions 
from a high horizon in tho Middle division, w hich retain impressions 
of vegetable structure, suggestive of such marsh-loving monocotyle- 
don ous x^l^mts as belong to the orders CyperaceaSy Typluicece, <fc:c,, 

♦ Cf, the Brookwood Well-Section (Geol. Mag. dec. iii. toI. iii. p. 355); the 
Well-section at Wellington College (Quart. Joum. Qeol. Soc. toI. xli. p. 494) ; 
also the instance mentioned in the Survey Memoir on the London Basin (vol. iv. 
p. 333) near Worplesdon. 

t See Quart. Journ. Geol. Soc. vol. xlii. p. 411. 

i Gcol. Mag. loc. cit. 

So© Proo. Geol. Assoc, vol. vi. p. 433 f footnote). 

*Allegemeine und ohemisobe GWogie,* p. 597. 
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and many of the smaller concretions are undistinguiahable from the 
hog-iron-ore obtained from the Canadian and Swedish lakes. More- 
over they are often found on anal^Bis to contain a basic crenate of 
iron. Fragments of lignite are, in my experience, not uncommon 
both in the Middle and Lower beds. The process by which iron is 
carried down in solution by peaty acids and deposited mainly as 
hydrated ferric oxide (bog-iron-ore) is well known This is, no 
doubt, the true explanation of the agglutination by ferric oxide of 
the gritty sands and conglomerates of the jJateau-gravels known 
locally as ‘ j)an ’ or ‘ rust.’ It may still be witnessed in most of the 
streams of the peatj' waters of the present liagshot country. Many 
of the more sandy nodules were first agglutinated by iron-pyritgs, 
since such are common in their original state and may be observed 
in all stages of oxidation. Sometimes they contain pure ‘silver sand ’ 
in the interior. 

6, Besults of Clunnical Analysis . — These have been already in 
jiart published t, so far as regards combined carbon. Those results 
have been confirmed by several scores of amilyses since made of 
samifies of these carbonaceous beds and of the waters they yield 
Independent confirmatory evidence has also ai)]>eared §. Eecently 
1 have made about 25 combustion-analyses li, in order to get out tho 
percentages of elemeritary carbon. These ])(^rcentagc8 range from 
0* * * § 312 up to 1*050, the highest being give n by the very dark green 
earthy sands of the Middle Bagshot. On tho other hand, an average 
sample from the basal beds of the Upper liagshot, in this neighbour- 
hood gave only 0*17 per cent. The samjiles analyzed came from dif- 
ferent parts of tho district, the majority of them from wcll-Pections. 
Elutriation of some of the green eart hs removes n< arly tho whole of 
the green colouring-matter, the fine arnoi^jlious earthy matter acting 
apparently as a ‘ mordant,’ and leaves l>ehind white quartz-sand 
mingled with some black and olivc-gitjcn grains. This probably 
partly explains the tenacity of colour of some of these green earths ; 
yet chemistry teaches us that tho}' '/nnsi, and observation sliows us 
that tliey do^ lose their colour by oxidation. Slow oxidation is only 
a less intense phase of the process of combustion in oxygon ; and 
the burnt residues of thc*8o green earths are so comphdely discoloured 
as to bo iindistinguishable from those of the brown sands and claj-s ; 

* See Kotli, lor. cit. pp. oiMt .508 (worth tlic allention of those who are 
seepticid as to the existence of the IJunrusiniarr) ; Crcdiier, JCl. der Geol. (^3rd ed.) 
p. U55 ; Julien, “On the Geological Action of the Humus Acids,’’ Proc. Am. 
Aii 80 (:\ Sci. (187tl)i also the author’s X)aper8 in tho Geol. Mag. January 1885, 
and el sew here. 

t Geol. Mag. dec. ii, vol. x. (1883). 

t See remarks by the author in Proc. IriSl. Civil Engineers, vol. Ixxxv. 
C1885~86). 

§ See (1) Quart. Joiim. Geol. Soc. vol. xlii. p. 162; (2) Sanitary Record, 
June 188<>. Lecture by W. Enssie, Estp, O.E., F.G.S. A reply to Mr. Blyth’s 
criticisms of that lecture will be found in the following (J uly) number of the same 
periodical. 

j| Made by combustion in a str€»am of j>urified and dried oxygc^i. Tho 
accuracy of the method was tested by analysis of a specimen of graphite from 
Borrowdale, 
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ii^^e 6T0XI 1^6 darkest green earths («. at St. Anne’s Bill) may 
he observed coloured in places of a bright orange-red by slow 
xncidation. It is trivial to argue from the small amount of colour- 
change observed in some instances (e, g, at Goldsworthy, Q. J. G. S, 
vol, xlii. p. 415) to a negation of such change during the ages for 
which some of these beds may have been exposed near the surface. 
Moreover, it requires a comparatively dry exposure to allow of the 
penetration of the beds * * * § by oxygenated rain-water ; and cases may 
occur in which the beds are kept so saturated with water from the in- 
terior of the beds holding carl>onaceous matter in solution, that the 
work of oxidation may be arrested altogether. 

,7. 5VH‘.rosminc. Hiruviwre . — A detailed examination of the speci- 
mens from the Wellington-t’ollege Well-section, subdividing tlie beds 
for this purpose as tliey are given in vol. iv. of Mem. Geol. Survey, 
p. 425, shows sizes of tiie quartz-gi*ains ranging from <>'(>05 to 
0 080 of an inch. A ])nre clay is seldom met with. Even the so- 
called chiys of the Aliddle group contain very often some 50 per 
cent, of fine clear quartz-grains, c^dieriiig'in masses hy the cementing 
action of the argillaceous material. In the llpj)er groiij) the 
invostinent is generally a mere clay : in the Afiddle and Lower there 
is generally more or loss of amorphous organic matter, either of 
itself constituting the investment or mingled with clay *. The 
quartz-grains arc for the most part, subangnbir, and tln'rofore wator- 
woni. In ono bed ( no. 7) the majority of tin* grains were found to 
be well rounded ; and in beds no. S, ])art of 0, and 1 1 , there was a 
noticeable pr(q)ortioii of rounded grains. In some of the bods a 
considerable (juantity of glassy silica, in luinnto clear Hakes, is seen. 
This glassy silica may consist jmrtly of fragments of frustule.s of 
Diatoms ; but hardly so the larger fiakos. 'fliese have the ap]>ear- 
auco under the microscope of Hakes of silica artificially proci]>itatcd 
by a process well known in (*h<‘mical laboratories, Jf so, the solvent 
action of the humuH-acids upon silieales may have contributed to 
the result. 

8, !)\MrlhutrOi\ of the — A careful investigation of the 

matter which 1 hav<' recently made has tended strongly to confirm 
the statements of Profs, Prest wicht and Kujiert .Tones ‘ts to the 
occurrence of these blocks and slabs of ‘ saccharoid sandstone ’ in 
the Upper Sands. The probable of them has been discussed 

by mo elsewhere §. Their extensive distribution far beyond the 
present range of the Pagshot strata is well known. The larger 
blocks are generally very angular, sometimes water-worn on the 
upper surface, but rough and uneven beneath. As a student of 
glaciation, there seem to me insuperahle pliysical difficulties in the 
way of attributing to them a morainic origin. For these reasons 
it seems that their wide distribution may bo regarded as indicating 

* Geol. Mng.. September 1888. 

t See Quart. Journ. Geol. Sue. vol. iii. p, 384. 

J Proc. Geol. Assoc. \ol. vi, p. 4iK». 

§ Beport of Brit, Assoc. (^Southport Meeting), 1883 ; alsa Proc. Geol. Assoc, 
-vol, viii. pp. 150-160. 
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^ much greatmr areal extenedou originally of the Upper Sands, 
which harmonizes with the view advocated in this and in former 
papers. 

9. Lastly, the general homogeneity of the Upper Sands, when 
viewed on a large scale, as contrasted with the numerous lithological 
variations, laterally as well as vertically, of the Middle and Lower 
beds, points to such an agency as a tidal surf, in workingup the various 
materials, brought into the estuary from different parts of the catch- 
mont-basin, into a somewhat homogeneous whole, as we see them in 
the Upper Sands ; while the absence of such an agency in the Lower 
and Middle stages led to that differentiation of the deposits just 
referred to, the materials contributed by each affluent being more or 
less locaUj" deposited. These lateral variations in tliickuess and 
lithological character of beds on the same horizon constitute, indeed, 
the chief difficulty of their stratigraphj’, and discount largely the 
value of conclusions drawn from a comparison of small and <listant 
sections- Such evidence standing alone cannot be other than 
equivocal. 

Freshwater Diatoms — It would bo premalure to say much 
of these until the investigation has bcu^u carried further. Up 
to the present they have oiilj^ been found in any (jiiantity in tlirecj 
beds in different localities, though many samples have been searched 
and stray forms have been found in othtus. Tiie sands examiiied 
hiive been Avashed AAnth distilled water. Their fossil condition setuns 
to be indicated (l)by the absence of cndochrome, (2 ) by the corrodi d 
and fragmentary condition of many of them *. The work of Urof. 
E. Plit/er, of Heidelberg, has been mainly eoinsulted in this study. 
He confirms the previous judgment of Smitli as to the distinct ion 
between marine and freshwater forms, and points out their import- 
ance fjqpm this point of vi(?w as geological data. He assigns .} 
millim. as the limit of size of freshwater sjiecies ; those which have 
been found in the liagshot lleds seldom reach | riiiliirn. in length. 
“ Along with empty frustulcs of Diatoms,^’ he says {loc, eit. p. 408), 
“ only spicules of freshwater sponges and silicitied remains of many 
higher X)lants are generally x>resent.” I'lie latter, in the form of 
vascular tissue, appear to ho more common in the liagshot Beds than 
Diatoms. They are distinctly luminous in a dark field between 
crossed nicols, and remain uncliaiiged afU’r being calcined for more 
than a quarter of an hour on clean platinum foil. I am not sure 
that I have seen any spoil ge-8i»icule8. The following may be men- 
tioned as genera that have been met with; — (Jam phone tnUf FrusluUft, 
Pinmdaria, Spued ra^ G prositpaa^ Favieula, Odoufid/twm^ Melosira^ 
jlmphtpleura. They occur both in the Middle and Lower Bagshot, 
aud none have been met with in the Upper Bagshot. [In a saiujde 
of the Ivieselguhr deposit lately discovered at L. Quire in Skye, for 
which I am indebted to the courtesy of A. Macdonald, Esq., of 

♦ Vide Schenk’s ‘ ITandbuch der Botanik ’ (Breslan, 1882), Bd. ii. pp. 400 et 
seq.y also fig. 1 of that monograph (p. 407). I ofiV-r hero my best thanks to 
Prof. Mnufshall Ward, of Coojier’s Hill College, for directing luy attention to 
this. Pfitzer’s latest published work. 

a G. S. Ko. 171. 2 d 
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Portree, I find pretty nearly tlie same genera occurring in a very* 
similar state.] 


Stbatigbaphical Evidence. 

^ Bata for Section A (fig. 1). — The well-section at Wellington 
College (see Quart. Joum. Geol. Soc. vol. xli. p. 494) is the standard 
for comparison. The sequence of the beds at the southeni end of the 
section has been proved again in a new well, this winter, behind 
the Wellington Hotel. The thickness of the sand beds below no. 10 
is calculated (from the altitudes of the London Clay in the College 
well-section and at its outcrop to the N.W.) as 80 feet. The 
green earthy sands (nos. 7, 8) are j>roved by outcrop and inter- 
mediate excavations to continue to the brook parallel to the railway 
^ mile to the E, 

Section B. Brool-section sotdh of Bavensivood, 

ft. 

a. Green earthH and sands (nos. 7, 8) 20 to 25 

h. Clays, loams, ferruginous sands with strong clay-layers "I ork 
(nos. 0, 10) j 

On the west side of the line the well at the lodge by the Roman 
Road pierced beds nos. 0, 10, 11. Tlio last-mentioned bed is a dirty 
quartz-sand, blackish green, with much lignite and pyrites. 

Section C. Netv WeJl hy Wokiwjhnm- Sandhurst Road, 

ft. 

a. Angular and pebbly drift-gravel (> 

h. Brown and yellow ferriiginous sand, loam and clay (partly laminated), 1 j 

with irony notlules, very clayey in upper part (nos. 9, 10) J 

c. Orcenish-black quart/.-sand with pyriU's, lignite, and freshwater dia- 1 r 
toms (pierced to) J 

Total depth 

On the assumption that things which are equivalent to the same 
thing are equivalent to one another, 1 maintain that the beds of the 
new well are precisely on the same horizons as those in the well at 
the lodge (see fig. 1), since the upper bed in each of the W’ells is the 
equivalent of the beds nos. 9 and 10 of the brook-section (B). 
North of the now well the beds nos. 9 and 10 are cut through by 
the brook ; but no. 9 is recognized at the top of the hill just N. of 
Jack's Bridge (see Ordnance map) ; and the base of no. 10 is exposed 
some 20 ft. lower in the banks of King’s Mere, the bottom of which 
basin is in no. 11, a fine quartz sand *. Nos. 0 and 10 can be recog- 
nized in the railway-cutting both N. and S. of Nine-mile Ride. 
There are two larger exposures of no. 10, — (a) in a sand-hole by the 
roadside, (ft) in the railway-cutting (see fig. 1) 1 mile N. of the 
road, i^neath no. 10 the fine quartz-sand of no. 11 is well exposed 

The lake was dried up last summer. The above statement is from my own 
observation ; the previous statement (vol. idi. p. 603) was made from information 
given mb by others. 
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along the small brook-esoarpment a little way to the west and parallel 
to the railway. It is seen a little way further north in a dipping-well 
by the east side of the line, and in the banks of the brook on both 
sides. In the wood to the east it passes under beds nos. 9, 10, which 
form a small plateau through Gorrick Plantation, on the N.W. corner 
of which hed no. 10 appears to touch tlie London Clay in the ditch 
outside the fence. The presence of the latter formation is further 
shown by oak trees, by the presence of Silverstock Bog (see 
Ordnance map), by the fact that the clay was dug into in draining 
last summer, and was dug for brick-material about mile to the 
west a few years ago. The bed seen in the cutting a little further 
north must be a continuation of no. 10, both lithologically and by 
the features of the ground ; and it appears to be continued through 
Luckley Park, on the north sido of which it is only cut off from the 
Wokingham outlier by the line of erosion of the Emm Brook. It is 
exposed just north of this in a small road-section, and it forms a small 
plateau, which is cut through on the rail u ay, whore the base of 
no. 10 is seen, sharply defined from no. 11 (hero well cleaned by 
oxidation), at 210 (O.D.). 

The following small clean section in tho hr #ok-sido south of Havens- 
wood shows the mixed character of bod no. 10 and the consequent 
impossibility of determining its dip by comparison of small soctiona 
of it. 


Section D. BanJc of Broolc near liavensxvood. 

ft. in. 

a. Drift 3 0 

h, Stiff loom, yellow and brown 1 0 

c. Rather strong clay, yellow and brown 0 9 

d. Strong loamy sand with thin pijje-clay partings and red and pure- "I y q 

Total exposure 7 9 

A rough analysis of a sample from the same bod a little further 
down the brook gives : — free silica, GO j)er cent. ; clay, 25 ]>er cent, j 
ferric oxide, V&5 jier cent. ; sodium chloride, per cent. ; wat<?r 
of hydration, about 1 per cent. This bod is, in fact, so variable that 
I mistook portions of it in tho railway-cuttings for bed no. 4 ; and 
this was the main, though not the only, reason why I suggested an 
anticlinal in my previous paper. Along this lino of section A (fig. 1) 
the dip, as indicated by the base of bed no. 1 0, would ax»i>ear to be 
about from 1 0 to 15 ft. in 3 miles ; but the true dip is probably some- 
what greater and in a more easterly direction, to judge from the 
general strike t. 

Numerous well-sections in Wokingham give the same sucticssion 
of beds as we find in the Tangley cutting. Everywhere the water 

* It is by no means so homogeneous ” as one would suppose from the well- 
specimen. 

t More correct determination of levels shows that the pebble-bed in the 
lower lake at Wellington College is on the horizon of no. That on the 
horizon of no. 3 has been proved higher up the valley at 261 (O.D.). 

2 J> 2 
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ia obtained from a fine qnartz-sand resting on London Clay. There 
is no record of a passage-bed. The sharp distinction between the 
sands and the London Clay (see fig.»4, vol. xli. p. 505) is borne out 
by excavations on the cutting-Bloi>e8, and by my observation of open 
graves in the churchyard. 


Elevation of lieih due North from Weliinfjton Collene* 
Section E. Valley J mile North of Wellinyton Colleye, 


Kcferences to numbers in well-section (Quart. Journ. Gool. Soc. 
vol. xli. 1 ^. 404, fig. 1). Corrected altitude 287, O.D. 

ft. 


No. .‘i. Pobblp-lwcl in HtiflTlomn (about.) 2 

No. 4, Coarwc bjamy ferruginous wind with irony concretions 3 

No. 5. (Wanting.) 

No. 5. Strong Joum and clay (brick-material) 0 


Nos. 7, 8. (1-roen earths throwing out springs about the middle and at the ) 20 

b»l 80 ) 

Nos. 9, 10. Olay-and-sand bods, more sandy in the middle, not distinctly 
dilferontiuted, coarse and ferruginous, with irony eoncretions... ) 
No. 1 1. Fine sharp quartz-sand, with glassy silica (deptlj) ? 


There are several exposures of one or more of tlioso bods a little 
way e;ist and west of the road, tind they can b(^ traet'd to the brook 
to the west (section .1}). Kos. 9 and 10 are cut iliroiigli in the valley, 
and arc exposed on the north side of it by the road : but further to 
the cast tliey foim a higher feature of the ground, and extend across 
Nine-mile Hide, on the south of which about 5 ft. are cxjiosed in a 
hrook-sociion, while on the north side of the rond the cloys of the.so 
beds are worked in the new brick-yards. The same line (]uartz-sand 
is proved hero beneath them in aevenil wells and trial-holes. Tlio 
day-beds licro, with their included irony coricrotions, are identical 
in character with those dug at the California brick-kiln (see infra^ 
p. 385) ; and both arc idonticjil with bod h (no. 1 0 ) in the well 
(section C, ]j. 382). On the west side of the New Wokingham Head 
beds nos. 9 and 1 0 form the liigher feature of tlic ground by Heath- 
lands (base of no. 10 exi)Osed in a sand-liole) and St. Sebastian’s 
Church, where the graves pass through 5 ft. of no. l9 into the fine 
quartz-sand of no. 11. 

The general strike of no. 10, so far as it c.an be made out, and 
the outcrop of the London Clay (1 have verified the mapping) along 
the small valley south of House’s Farm, Easthampstcad, gives less 
than I mile for the outcrop of the 95 ft. of the sandy beds nos. 11, 12, 
13, of the well-section ; and this, by ordinary rules of stratigraphy, 
would give something like 1000 ft. for the thickness of the T^ondon 
Clay and Heading Beds, as calculated from the outcrop of tho Chalk 
at St. Lawrence-Waltham, 6 miles due N., if those three beds main- 
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tained the same thickness here as in the well-section. They must 
therefore have thinned away considerably. 

Again, a comparison of altitudes gives the following data : — 


Altitudes at W. Coll. 

Aliitudc.s at. outcrop. 

Distance. 

Rise. 

Ratio- 

No. 3 21W 

2(U 

43S() ft. 


— 

i Base of No. lU... 187 

214 

55-14 ft. 

27 ft. 

1 in 21)5 

1 Surface of L. Clay 

2iM) 

3100 yds. 

3(i yd:^ 

1 in flO 


By ordinary rules of stratigraph}’ (rejecting the notion of east and 
W'cst flexures), no. if continued, would cut through tlio Eiisthamp- 
stead and Bracknell Hills at about the altitude at wdiich a pohblo- 
hed is found there : a rise to the north of 1 in forba.se of no. 10 
■would give 272 (< h 1). ) along the same line of country (see flg. 2),-v^diich 
'V\dth further subsidence to the south gives a lithologic ally eipiivalent 
bed at Brackmll and Buckhurst, in each case underlain i)y a tine 
quartz-sand (seo in fra^ p. 2>87), while intermt‘diato outliorH of it 
at intermediate levels arc met with on the north side of Eastluimpstead 
Bark ; aud a rise of 1 in h(> for the surface of tin* liOndon (flay gives 
274 (0.1).) along the same line of country, the diii’oriuice between 
this and the general altit ude of that formation beneath the Bagshot 
beds along that line* c»f country representing ]>ro])a)dy the amount of 
contemporaneous denudation of the Ijomlon Clay. Itcasouing from 
these data, we should exi)cct to find that t/u t/reni-carlh aeru/t 
and the fjiiarl2-,S(tnrf series were rejn'esenfed i>ert/ ff'chhf^ if at all, 
at Biicleharst and Brael twll ; and so the difficulty arising from the 
iion-ai)i>earance of the green earths in the BrackiK.dl cutting ((iuart. 
Journ. Geol. Soc. vol. xlii. p. 40(») vanishes. 


Elevation of the Beds ]Si.^V.from the WelUsection. 

When this paper was read a diagram showing a continuity of Icvcds 
in beds nos. to 7 to the N.W. from the College-well -was shown +. 
It was constructed by correlating, aceordimj to ahUndes^ minor 
sections at the railway-cutting, in the new well hehiinl the Hotel, 
in the pine-woods near Heath Pool, and in the lane bfdow Wick 
Hill Farm (XTjq^er Bagshot), taking the intermediate features of the 
ground into account. A detailed section (constructed from exca- 
vations made for me last autumn, the measurement *of the beds 
in the fresh section, and a correlation by measurement of the levels 
of the beds in the tw’o subsections, one in the old clay-pit, the other 
in the California brick-yard) was also shown and described. Hero 
it will suffice to state, as the outcome of the investigation, that (1) 

* Further investigation has shown that this level is maintained for about 
half a mile south of the College. 

t Cf Whitaker, Quart. Joum. Gteol. Soc. vol. xviiL p. 203. 
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;^o lilays w^ in tlie California pits are the beds nos. 9 and 10 of 
ihe well-section ; (2) that the section published last year (Quart. 
Joum. Geol. Soc. vol. xlii. p, 409, fig. 2) is erroneous in several impor- 
tant particulars, (a) in the altitudes (error of about 15 ft.), (6) in 
the omiBBion of the middle bods of the section, (c) in the assign- 
ment of too entail a thickness to the clayey beds of the brick-yard. 
2he evidence, and that furnished by a comparison of numerous other 
sections in the neighbourhood, including sections on both sides of 
iFinchampstead Itidges, is altogether against the assignment of the 
California clays to the Lower Bagshot. The outcrop of the London 
Clay in the pit at the west end of Nine-mile Ride and at Barkham 
demonstrates therefore, when altitudes are taken into account, the 
attenuation of beds nos. 11 and 12 of the College well-section also in 
this direction. On the strength of the stratigraphical evidence, of 
which only the salient points are here briefly indicated, I re-a‘ssert 
my entire agreement with the judgment of the Officers of the Survey 
in mapping the California clays as the hasement-beds of the Middle 
Bagshot. The train of reasoning which is baaed on the assignment 
of these beds to a Lower Bagshot horizon (Quart. Journ. Geol. >Soc- 
vol. xlii. p. 408) seems to me, therefore, to fall to tlie ground. The 
base of no. 10 is 215 (O.D.), about the level of the base of the same 
bed in section E (p. 384), 1^ miles duo cast of this point. 


Fig. 2. — Oeneral Section. 

For details of the Bearwood outlier, see Geol. Mag., ^Farch 1887; 
for the Wokingham outlier, see snprd (p. 383) and my former paper 
(Quart. Journ. Geol. Hoc. vol. xli.). The Bucliliurst outli(‘r is probably 
for the most part Upper Bagshot*. As to the Bracknell outlier the 
following sections should be considered ; — 

Section F. Warjidd Bride-yard (^North end of outlier). 

ft. 

a. Coarse brown irony sand with irony concretions tvnd ] 
irregnlar layers of strong white unctuous clay a l^ag- V 8 

shotted)* J 

<?. Pebble-lx»d in luiuu with included lumps of pink and \ , ( about 

white clay (about) J \ 200 (O.B.) 

d. Laniinntod clay-and-snnd l>eds, with ferruginous con- i 
cretions (a “mellow loam’' when we.ll tnixetl), /tori- 

corial in setBons at right angles j 

«, Dark-coloured sandy clay ptvssiiig down into ordinary I 
London Olay with a true dip of 10° in a direotUyn 20'^ I 31 
8. of E. (exjmsed to) J 

Vertical exposure 45 


This, it is seen, furnishes direct evidence of unconformahility. The 
dip is shown by even layers of pebbles and a calcareous rocky fossili- 

* JTudeing from road-seotions and from the loose matariala brought up from 
» well 52 feet through the yellow sands. In the railway-cutting Mds nos. 10 
and 1 1 rest on a hi^ly eroded surface of London Clay. 
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^erooB layer (not Beptaria) numing through the London Clay. In 
the brickyards a little further west, a layer of pebbles shows a dip of 
.5° about S.E. for the London Clay. 

Section G. Bracknell Station, 

ft. 

a. Surface-soil containing numerous flint-pebbles 1 (at 2fi5 O.D.) 

d. Laminated clay-and-sand bed with irony concretions I , « 

(sand apparently once a greensand) ...T. J 

e. Lark greyish-blaok carbomujeous line quartz-sand (eoji- 1 

taming 25 per cent, oi C and freshwater diatoms) ...J 

Total exposed 13 

IJoTE. — “ e ”=:bed “ a ” of iny previous soction (vol. xli. p. 505). 


Section H. Cutting -sloiiC 200 yards East o f Bracknell Station, 

it. 

b. Loamy sand with pebbles at the surface 10 to 15 

c. I’ebblcs imbedded in a still loam 1 (2t>5 O.L.) 

Bufl-coloured loamy sand 3 

rfjj. Laminated clay-and-sand bed with ferruginous eoncre- 1 ^ 

tions, the lowest iS inches a black shale j 

f. Lirty quartz-sand (exposed in excavation to) 1 

Total exposure in a fresh excavation 22 

liJcfore the recent eastward extension of the np-platform a well 
was dug in bod “ e by Mr. Itipley, below the level of the lino. Ho 
is positive that it was not Loudon Clay, as he knows it in the neigh- 
bouring brick-yards. 


Section 1. Easthampstead Church {South end of outlier). 


Combining the well-section at the village school, the road-section 
above the church, aud the road-section below the church. 


a. Quaternary or prc-quatcrnaiy gra vcl (angular flints, jicbbles, 

and eh<!ri ) 

b. Loamy yellow sand (pi obably Upper Bugsliot) reconstructed 

near the gravel 

c. Lcbble-htHl, seen m aitu hx tli® churchyard, in the rujid- 

cutting below tlie church, behind the cottage opposiU*, well • 
exposed in excuvutioits last summer at the workhuuw* ... 

d. Clay-and-sand bed (siinilar to bed d ” in the above sections ' 

L, u, H) ; 

1. London Clay seen in the rixad a few feet above the brook... 


ft. 

1 to 2 
\ 8 * 


3 (200 O.L.) 
10 


Total of Bagshot exposed 33 

The laminated clay-aiid-sand bed 1 take to be the same in all the 
four sections. It runs through the hill, and is seen in the lane 
which crosses the outlier north of Wick Hill House. Its altitude 
throughout is 250 to 200 (U.D.). There is a higher pebble-bed in. 

* From data in the road-cutting, in a well cloee by, and in the graves in the 
.^fliurchyatd. 



(jknkrai. Conclusions. 

1. My recent work, of whicli ti mere outline is hero pven, tend, 
to bear out the general conclusions arrived at in my previous paper 
(Quart. Journ. Ueol. Soc. vol. xli. pp. iltUi-GOS), except on one or two 
points. 

£. The BagshotBeds of tlie London Basin are, upon the whole, an 
estuarine series, which admits of differentiation, both on physical 
and palteontologicnl grounds, into; — 

(cr) An upper marhic^cstKarinc group (= “Upper Bagshot 
Sands "). 

(6) A lower fre$h\valer group ( = “ Middle and Lower Bag- 
shots 

^ Local erosion on a minor scale is a matter of direct, observation at all those 
three places. The occurrence usually of a few feet of fine quartz-sand beneath 
thc»e beds shows the absence of a ** passage ** between me two formations ' 
(^. Mem. GeoL Surr. vol. iv. pp. 316, 317). 
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The so-called “ Lower Bagshot ” I regard as essentially Jluviatile, 
the so-called “ Middle Bagshot ” as, ii|K)n the whole, delta and lagoon 
deposits^ the lagoons ha^4ng been partially saline, perhaps by occa- 
sional intrusions of the sea and by percolation through fringing 
shingle-tcrraces, the conditions represented by the “ Middle beds 
being feebly anticipated in different localities and at different 
horizons in the “ Lower ” scries. 

3. The lower levels of the Middle series towards the east (as shown 
in well-sections) may perhaps bo due to a general subsidence, the true 
deltaic conditions encroaching upon the land as subsidence progressed, 
so as to give a certain parallelism between beds of this hoiizon 
towards the w^est and the earlier deposits of the “Ui^pcr^’ sands 
towards the east or sea'w ard margin of the area. 

4. Though wo fail to find such evidence on the south flank, wo 
have on the north flank of the areri strong cumulative evidence of 
marginal eunditions^ and consequently an indication of the northern 
limit of this Eocene estuary at successive stages of the' process. 

5. Massive pebble-beds belong for the most part to the “ Middle 
group, though occasionally octeurring at low horizons in the “ Upper ’’ 
group, and afford the strongest evidence 'which the whole series 
offers of important changes in the relations between sea and land at 
about that stage of the deposition of the Bagshot Bods. 


!N'ote. 

With regard to the southern margin of the district, it is only 
right that 1 should make hero the following (juotation from tho 
original MS. of the ])aper wdiicli wuis in the hands of tho Oflicers of 
the Society at the end of last year : — “ It w^as my intention to deal 
with the southern margin of the Bagshot areji in tliis paper; but, 
as tho work has growji to considerable dimensions, and as other 
duties have prevenU'd me from dealing so thoroughly with the details 
of that side of tho district as I could w’ish, as, moreover, the Aldershot 
district is somewhat comjdicaled and is being \vorked out by my friend 
and former pupil, Lieut. IL U. Lyons, ILE., E.(L8., it has aj^poared 
better to defer the fuller consideration of it for a future communi- 
cation."' I only add now ( April 3()th) that in th(^ ])art of the paper 
which appeared in tho Society's Journal (vol. xlii.) last year, dealing 
with this portion, there are many points which I consider open to 
criticism ; but these arc dealt with in Mr. ly^ons's paper. Tho 
evidence recently furnished by the Brook wood well-section shows 
that the notion of tho possible occurrence of Beading Beds in the 
Mytchett section is quite untenable. 

Ebbathm. 

In my former paper (vol. xli. p. 508, line 4) ; — 

for Lower Bagshot read tipper Bagshot. 
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Disottssioh. 

The Febbxbbnt observed that of the many, interesting matters 
discussed the most striking was the discovery of freshwater Diatoms. 
He uttered a caution, however, as to the possibility of their not 
being of the age of the bods in which they were found. 

Mr. Monokton allowed that the paper contained many new facts. 
His own hypothesis certainly differed from that of tho Author, who 
had a better working-case than on a previous occasion. Indeed he 
might not bo far from being correct, though there were stiU reasons 
for doubting this. As regards 8t. Anne’s Hill, ho admitted that 
possibly there might be no pebbles in situ in the Lower Bagshots, 
but he thought that appearances which mislead hero might do so 
-at other points. In the Middle Bagshots there are undoubtedly 
marine shells to deal with, tho bivalves usually having both valves 
united. He admitted the occurrence of pebbles in the Upper Bag- 
shots on Pirbright Common, having there found pebbles with fossils 
attached to them. 

deferring to the Wellington-Collego section ho criticized the lines 
as there shown, remarking that in point of fact the linos of the 
London Clay and the Bagshots coincide in their rise and fall. The 
London Clay thickens steadily eastwards — at Wokingham under 
BOO feet thick, at (Jhertsey nearly 4(K) feet, at Claremont 4u() feet. 
Ho doubted the views of tho Author as to there being unconformity 
at one place, c. p. Wokingham, and passage-bods at another, e, g. tho 
Brookwood well-section. Clays occur at the base of the Lower 
Bugshot, both where unconformity is alleged and where a passage- 
bod is said to exist, lie suspected that in well-bcctions the Author 
recognized a passage-bed, and on the surface an uucoulormity. 

Mr. Hbrkiks elaim('d certain beds red'erred by the Author in his 
Wellington-CoUcge H<‘ction to tho Middle Bagshots as really belong- 
ing to tho Ijower Bagshots, in w hich case the surfaces of tho London 
Clay and Ijower Bagsliots would conform. Ho criticized the Ascot 
aeotion, especially the alleged valley of erosion ; he regarded tho 
depression in tht) Ixindon-Clay surface there shown as in reality duo 
to dip, since tho Chalk is actually (57 feet more below O. D. here 
than at Wokingham. Keforriug to tho discovery of Diatoms, ho 
saw no reason why there might not b(‘ intercalations of fresh- 
water beds in the marine jVliddle Bagshots. He still maintained 
that the clays in the California brickfield belong to the Lower Bag- 
shots, which usually contain a el ay-bed. 

Mr. HirnLESTON complimented the Author on his perseverance in 
again ventilating this subject. We might agree to the general pro- 
position, but not to the reasons brought forward in support of it, 
Mr. Irving was determined to establish an overlap on the flanks of 
the basin ; a year and a half ago this was to have been effected by 
means of certain anticlinols. The anticlinal in the WcUington-CoUege 
section was now given up, and he was sure that the anticlinal at 
^dershot would have to share the same fate. This would be shown 
in detail to the Society by Lieut. Lyons, ILE., now unfortunatedy 
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.absent on duty at Devonport. That oMoer writes: cannot 

make out a case for erosion or overlap.” In the present paper the 
Author had changed his tactics, and was endeavoaring to establish 
the overlap by means of an attenuation of the Lower Bagshot Beds 
towards the margin of the basin. The evidence brought forward 
was not satisfactory. There are most undoubted clay-beds of con- 
siderable imi)ortance in the Lower Bagshot. A very remarkable 
one is now being exposed in continuation of the Walton cutting 
described last year. The base of this may be about 30 ft. up in the 
Lower Bagshot series. On or about the same horizon is the biick- 
earth of Hatch, between Addlestone and Chertsey, marked as Middle 
Bagshot in the Survey Map ; this presents some very curious 
features. He fully agreed with Mr. Irving’s interpretation of the 
alleged presence of pebbles in the Lower Bagshots of St. Anne’s 
Hill. The pebble-beds of the Middle Bagshots were largely deve- 
loped in the upper part of the hill, and these had fallen over in 
large masses. 8till the absence of pebbles in the Lower Bagshots 
of this part of West Surrey could not be taken as evidence that 
pebbles never occurred in the Lower Bagshots. 

Mr. Whitaker missed the apocrenic acid of previous papers. Mr. 
Hudleston had partly anticipated the substance of his remarks with 
reference to the non-occurrence of pebbles in the Lower Bagshot. We 
must bear in mind that pebble-beds oc(iupy but a very small part of 
the country. In Essex there are quantities of pebbles in the Lower 
Bagshots. In Hampshire pebble-beds over large areas are most 
distinctly capped by Bracklesham beds, and sometimes cut right 
down to the London Clay. Sand and gravel are convertible terms. 
He objected to the straight line shown between Chalk and Tertiary 
beds on one of the sections, and spoke of the danger of drawing 
sections from data yielded by a few borings. He thanked Mr. Irving 
for again bringing forward the subject. 

The Author referred to the number of criticisms and the lateness 
of the hour ; most of the points mentioned were dealt with in the 
paper. Ho replied to Mr. Whitaker’s remarks on the lines in his 
sections. Having made a special study of the continental literature 
on the subject, he would stand by his remarks on the humus acids : 
the action of the humus acids had been of some importance in these 
and other beds. He had proved that the Diatom-remains noticed by 
him were not in a living state. It must be understood that this 
paper was mainly confined to the northern side of the basin. He gave 
reasons whj^ he had drawn the anticlinal in the Wellington-College 
section. lieferring to certain of the pebble-beds mentioned in his 
paper, and more especially to the criticisms of Messrs. Monckton 
and Herries, he insisted upon the pebble-beds at Easthampstead and 
other points (e. g. at Barkham) being in in situ. The remarks of 
one of them showed that he had not mastered what the author had 
already published on the evidence of well-sections. Ho further dis- 
cussed the presence of marine shells in the Middle Bagshots, and 
said that this was no more inexplicable than the presence of inter- 
ealated beds containing marine ^ells in other fiuviatile and terres- 
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trial groups of strata (e. g, the Coal-Meaflures and the lignitiferous 
group of the Soissonnais) and in modern deltas. 

In many respects the criticisms on his section could only he 
argued out on the ground. With respect to the clay-series 8j>oken 
of by Mr. Hudlcston, no strong inferences could be drawn from that 
on the opposite side of the area, even if it were shown to bo Lower 
Bagshot. Ho admitted that, in places, the Lower Bagshots become 
more argil] .'iceous, the London Clay having largely contributed to 
the materials. 
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29. CoHSiDERATioHS ott the Bate, Bxteatioh, and Cohditiohs of the 
Geacial Pebiob, with reference to the Ahtiquity of Man. By 
Joseph Pbestwich, M.A., F.R.S., Professor of Geology in the 
University of Oxford. (Head May 25, 1887.) 

When, twenty-eight years ago, the barriers which restricted the 
age of Man to a limited chronology were overthrown by the disco- 
veries in the Yalley of the Somme and Brixham Cave, the pent-up 
current of geological opinion tended to the other extreme of 
assigning to Man (Post-glacial) an excessive antiquity ; and now the 
belief in that great antiquitj* seems to me to be exerting, in a 
manner somewhat similar to that which at first caused the rejection 
of the Kent’s Cave and Somme Valley evidence, an imperceptible bias 
on the questions raised as to the Glacial and Preglaeial age of Man — 
apart from the question of Pliocene or Miocene Man, into which, 
on the present occasion, I do not purpose to enter. 

The extreme opinions which dealt with millions of years are now 
probably hold by few ; but still, with many and, probably, the majo- 
rity of geologists the Glacial and I’ostglacial periods, which involve 
the question of the anti(iuity of Man, are measured by very great 
terms of time. At the outset of the discussion, and when the 
antiquity of Man was limited to the l^ostglacial period, I saw no 
reason for assigning to that x^^nod the length of time then claimed by 
many geologists. The data, however^ on which to form an opinion 
with rosx)ect to the duration of this and of the Glacial x>oriod were 
too imperfect to form any definite conclusion upon. Since then 
further observations in the Aljis, and more especially the observa- 
tions of the Banish geologists in Greenland, have brought forward 
facts of great importance in their bearing on ice-action and 
growth, and have furnished us with data which may warrant 
the estimates I now beg to lay before the Society, not as a complete 
discussion of the subject, but as a x>reliminary inquirj^. 

Measured by our own limited cxx^ericnce, the excavation of the 
Postglacial valleys, the life of the successive generations of the 
Pleistocene Mammalia, and the dying-out or extinction of a large 
number of species might seem to demand a long i>criod of time. Con- 
sequently at first it was suggested that the Glacial period com- 
menced x^ossibly about a million years since, and that the Post- 
glacial period had lasted about 200,000 years. It was felt, how- 
ever, on the other hand, that the very large proportion of existing 
species of Yertebrata and Invertebrata which came in with the 
Pleistocene period and had since undergone no change, and this 
combined with the stationary condition of Man himself during so 
long an interval, presented serious objections to adopting such 
lengthened x)eriods of time. But on neither side were the conclusions 
based on any definite data. 

The question was in this state when Br. CroU’s attention was 
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directed to the subject. After careful iuTestigation of existing^ 
hypotbeses be came to the oonclusion that the cold of tbe Glacial 
period could not be ascribed to any physiographical changes in the 
distribution of land and water, but that changes in the eccen- 
tricity of the earth’s orbit afforded a probable clue to great secular 
variations of climate, such as would produce glacial epochs. Follow- 
ing up Leverrior’s calculations, and assuming that the periods 
of greatest cold were when the eccentricity rose to a high value, 
and that the warmer periods occurred during the times of lessor 
eccentricity, Dr. Croll, by an elaborate mathematical computation, 
extended the inquiry as to the extent and periods of maximum 
and minimum eccontricitj’^ for 3,000,000 years back and 1,000,000 
to come, and showed that within the last million years there have 
been two such periods of extreme eccentricity — the one extending 
from 080,000 to about 720,000 years ago, and the other from about 
240,000 down to 80,000 years ago^. 

As the former period was of greater duration than the latter, 
and the eccentricity also then attained its highest value. Dr. Croll 
was at first disposed to refer the Glacial ei)Ocli proper to that period, 
and to consider the latter as corresponding with tbe extension of 
the local glaciers towards the close of the Glacial epoch. On this 
pointhe states that he consulted several eminent geologists, and they 
all agreed in referring the Glacial epoch to the former period,” the 
reason assigned being that they considered the latter period to be 
much too recent and of too short duration to represent that epoch.- 

Dr. Croll therefore had good warrant that ho was well within 
the limits of geological imobabilitics when, on a reconsideration of 
the subject, ho came to the conclusion that the Glacial epoch must 
be referred, not to the first-named period of eccentricity, but to the 
later one, commencing 240,000 years ago ; and this is a date now 
very generally accepted. He considered that “ the modern and 
philosophic doctrine of uniformity had led geologists to over-esti- 
mate the length of geological periods” (p. 325). Nevertheless ho 
assumes that “ the present rate of suhaerial denudation does not 
differ greatly from that which has obtained since the close of the 
Glacial epoch ” (p, 338), and proceeds with the argument in 
accordance with this view, taking the rate of denudation to he one 
foot of soil removed from the surface in 0000 years — an estimate 
founded upon the quantity of sediment now carried down to the 
sea by such rivers as the Mississippi, the Rhine, the Rhone, the 
Ganges, &c. This is, in fact (notwithstanding the qualification 
just admitted), applying the results of experience in recent times 
to facts observable in climates where the meteorological pheno- 
mena were totally different, and the conditions therefore not ana- 
logous. Consequently the data cannot be rightly applicable. If 
used at all, as a sort of base-line, it must be with modifications, 
such as taking the modem data as the known quantity, and adding 
an unknown quantity “ a?,” which quantity has to he determined 
before we can get at the true rate of denudation during the period 
^ * Climate and Time,* chapter xix. (1875), 
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under inquiry* Some of the objections which have occurred to me 
against comparing the present rate of denudation with that of past 
times and the Glacial period I have given elsewhere so need not 
repeat them here. Nor is it my intention to discuss Dr. CroU’s theory 
upon his own special grounds, which he has argued with infinite 
ingenuity and presented in so attractive a form that, as I am well 
aware, it has carried conviction to a large number of geologists. 
That the causes he assigns have considerable value, there can, I think, 
be little doubt, and they may have an important bearing upon certain 
geological problems, such as relate to those minor periods of low tem- 
peratures with which we arc all acquainted, as, for example, that 
which seems in early Eocene times to have affected the marine fauna 
of the Thauet Hands and the flora of Golinden ; but that they are 
sufficient to account for the extreme cold of the Glacial period is 
open to question. There are, as he himself observes, astronomers 
and physicists who are of oj)inion that the climate ff the globe 
could never have been seriously affected by changes in the eccen- 
tricity of its orbit. The point has been contested bj’ Professor 
Newcomb, the Ilev. E. Hill, and others, whose papers and 
Dr. CrolPs rejoinders should bo consulted t* 

If the cold were due to this cause, how is it that, whilst the 
lesser eccentricity of 240,000 — 80,000 years ago resulted in the 
intense Glacial epoch of the Pleistocene period, the effects of the 
greater and longer eccentricity of 980,000 — 720,000 years ago, 
which should surely have resulted in a still more intense glacial 
period, has not left its traces in anterior geological series. But 
there is no such evidence even in the later Tertiary period. 

It is, however, not only on the question of the efficiency of the 
hypothesis to account for the facts, a point which I would leave to 
astronomers and physicists to decide upon, but on the geological 
question whether the necessary concordance exists between the 
observed phenomena and the phenomena as they should be were 
we to accept Dr. CrolPs views, that we should ju%o of its applica- 
bility. If we adopt the hypothesis it should follow : — 

1st. That at intervals during all geological time there w'oiild be 
some periods during which a recurrence of similar glacial 
conditions took place. 

2nd. That interglacial conditions would affect each pole alter- 
nately, and that there should be in both hemispheres a suc- 
cession of warm interglacial periods. 

3rd. That the commencement of the Glacial epoch should bo 
placed about 240,000 years back, and have a duration 
of 1 60,000 years ; after this the amelioration of the climate 
to its present condition, which involves a Postglacial period 
of about 80,000 years. 

4tli. That the age assigned to Paheolithic Man, even if limited to 

♦ * Geology,’ toL i. chapter ti. 

t Various papers in Uie * American Journal of Science/ ‘Philosophical 
Magazine,’ and ‘ Geological Magazine/ from 1870 to 1884. 
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Poaiglaciai tiioes, could not be less than 80,000, whilst, if 
carried back to Preglacial times, it would necessitate an 
antiquity of 200,000 to 300,000 years. 

With regard to the first point. Dr. CroU shows that in the three 
million years for which his tables are computed there were five 
periods during which the eccentricity was as great as or greater than 
during the Glacial ejxjch proper ; so that, taking geological time at 
the hundred million years, at which he estimates it, there should 
have been in all probability some 105 such periods of cold. With 
the exception of the Permian, which is still pendente lite” where 
is there evidence of any such cold x)oriods ? 

Dr. Croll does not overlook this difficulty, and contends that in 
the Italian Alps there is strong evidence in favour of the opinion 
that glacial conditions existed there during the Miocene period. 
This, he informs us, is stated on the evidence of two distinguished 
geologists ; but the fact of the Miocene date of the bods in question 
has never since heen confirmed ; all the later evidence tends to 
show that it was not until towards the close of tlic Pliocene period 
that glacial conditions set in. At the same time he admits the 
< 3 xistonce of warm conditions, as undoubtedly x)roved by the flora, 
in Greenland during Miocene times. 

For the Eocene period Dr. Croll relies on another Alpine case — 
the coarse conglomerates with some enormous blocks forming the 
Flysch. But this was a period of Alpine dist urbance and change, 
when, though the rocks may have hcuui rent and worn down in the 
mountain area, the marine life at a short distance gives evithait indi- 
cations of a high gemeral temperature : Nuuimulites then abounded 
in the surrounding seas, together with Ecliiiiodorms of a decidedly 
tropical aspect. 

The case for the Chalk is still weaker, for the very few and 
exceptional foreign rock- boulders that liave been found in it are 
of small size, such as might have been carried in the roots of trees 
or by seaweeds, or possibly by small Axinter ice-rafts from the 
mountains of JScuudinavia or the Ardennes, whilst all the life of the 
Cretaceous sea is strictly that of temj>erate, if riot of warm, latitudes. 
The small pebbles may have been earrit'd by the large marine rei)tiles. 

It is on facts of the same cliaracter as those which Dr. Croll 
adduces for the Eocene period that he would found evidence of the 
action of ice in Scotland during the Oolitic period; but we must 
seek for some other explanation to account for the dispersion of 
the conglomerates and bouhiers in face of the incompatible fact that 
at those times warm conditions of climate extended to 70""— 80® 
North, and that corals, Oephaloj>ods, and huge reptiles swarmed in 
the seas. 

The climatal conditions during the Permian period may bo oi>cn 
to doubt ; but on this yet unsettled point it is not necessary here to 
enter. If admitted, it would nob utlect the general question. 

Nor is it easy to admit a claim for iec-action during Carboniferous 
times when the luxuriant vegetation of the Coal-measures fiourished 
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not only here but Bear Island and other northern lands. With 
respect to the blocks of granite alluded to as occupying the lower beds 
of the Coal-measures in France, they may be, like the Tors of 
Cornwall, blocks left in mtu from the decomposition of the granite 
on which the Coal-measures there rest, or they may be boulders 
washed down at thal period by the torrents from the adjacent 
granitic mountains. Other foreign pebbles may be account^ for 
as we have accounted for those in the Chalk. 

There are similar paltcontological objections to ice-action in tho 
Devonian and Silurian periods. Although there, may be at times 
instances in which the blocks show stiiac and are derived from rocks 
not known in the locality, it must bo borne in mind that such 
striated masses may bo fragments of slickenside surfaces in the 
rocks from which the breccias are derived ; and that, although a 
particular rock may no longer show in the locality, it may exist 
there buried beneath newer d(‘posits, as, amongst others, in the oaso 
of the granite of the Ardennes, which, although formerly unknown 
there, was met with in a railway-cutting beneath a slight covering 
of Palteozoic rocks. 

Admitting tljo imperfection of the geological record, it is evident 
that, as a whole, the ])liysieal instances fail entirely to supply any 
sufficient corroborative evidence, either in force or in number, to 
support the theory of recnirrent Glacial periods. Surely out of 165 
or even 100 cases, more chffinito marks would have been loft, espe- 
cially in the more recent i>eriods, such as the Pliocene and Miocene, 
when tho land had assumed many of its present contours. 

AVith respect to the second point. Dr. Croll states that “ the 
Glacial epoch may be considered as contemporaneous in both hemi- 
spheres. But the epoch consisted of a succession of cold and warm 
poiiods, the cold periods of one heraisjdiore coinciding with tho 
warm periods of the other, and vice versa (p. 2^34). This would 
involve an indefinite succession of interglacial periods ; hut only 
one definite interglacial period during tho Glacial epoch is brought 
forward. Dr. (fi'oll, however, accounts for this on the grounds that 
“ tho geological evidences of the cold periods remain in a remarkably 
pt^rfect state, whilst the evidences of the warm periods have to a 
great extent disappeared” (p. 238). If, however, one instance 
could be well prtiserved, might we not ex]>ect other instances to 
occur in some of the many localities affiictod? Dr. Croll estimates 
the average duration of a warm i>eriod at about 10,000 years. 
Supposing such to have been the case, the phenomena of the glacial 
scries certainly afford no corroboration of tho remarkable vicissi- 
tudes of climate this would infer. 

There are, it is true, indications both in Britain and Switzerland 
of intervals of milder conditions during certain t imes of the Glacial 
epoch ; but these minor differences are, 1 think, due, nob to tho 
cosmical cause of Dr. Croll, but to those changes of climate that may 
be brought about b}* differences in the distribution of land and water, 
such, for example, as the extensive submergence which took placo ia 
England and North Germany after the first great land-glaclation, 
4J-G.S. No. 171. 2 e 



Wlte ^jbm^ ^ imhmi&^tf^ce of froto IdOO to 2000 fe^ aaSft 
>|tai^ ImidHEum l»ecame covered by the sea — a change which conid 
lu^tdiy have failed to affect 'the cBmate not only of those regions^ 
but idso of Switzerland and other parts of Europe. It is not my 
intention, however, to say more at present upon this question, hut 
to proceed to tho consideration of the third and main point, namely, 
the probable duration of the Glacial epoch, which hinges so materially 
on the laws affecting ice- growth and glacier-motion. . 

Twenty years ago the only data we had bearing on the subject of 
glacier-motion and action wore tho observations of Agassiz, Eorbes, 
Tyndall, and others on the glaciers of the Alps. These had taught 
us the rate of motion of many of the Alpine glaciers, their periods 
of advance, and the causes of their growth and decay. It was on 
these facts alonc', which arc really not applicable, that we had to 
judge what might have been the possible rate at which tho groat 
ice-sheet spread over the land. 

It was found that in July tho Mor do Glaeo advanced at the rate 
of inches in tho twenty-four hours, and the Alotsch glacier 10 
inches in August ; whilst the winter rate was estimated at about 
half that of suniuier ; so that roughly the rate of motion for the 
year may lio between JlOO and 400 foot, though in one >ear the Mcr 
de Glaeo was found to have advanced 4b»‘3 feet. 

The position ot IJugi's hut on the Aar glacier gave a more definite 
measiue basc'd on it longer average, for in tho course of fourteen 
years it was found to have ])ecn carried at tlie mean rate of 3t^8 foot 
annuiilly, 'V\ o may theiefore take the average motion of tho 
Swiss glaciers to bo about etjual to «‘300 or 400 feet annually. 

Tho advan(*(' and retreat of tho tenninnl front of a glacier arc 
of course indejx'iuh'nt ot this eoutinnous motion of tho great body 
of iee, and depend on the elimatal conditions ot tho jear. In 
tho cold summers of I8J<) and 1817 there v jis a general advance 
of all the Swish glacieis, whilst sineo 1S5(> there hes been a general 
retreat. Gsually the loss or gain is small, hut in some years 
it is considerabU'. In the two jears abo\o named some of tho 
glaeieis advanced from lUO to loi> feet or more. t)f other Swiss 
glaciers an advance ol 1 metre daily in summer is recorded ; hut the 
most remarkable ease is that of the Vernagt glacier in tho Tyro- 
lese Alps, wliic'h is excejdional in that it advances by fits and 
starts. Between lb 13 and lb47 the ice from this glacier covered 
the valley below to tho length of J2r»4 metres, which givcv? a mean 
annual rate of b7t> feet, an bile llio thickness of the mass of ice near 
its extremity exceeded »')()t> feet. Another glacitT in thiV^ same 
range advanced after all oscillations above a mile in a centur^. On 
the other hand the Bhone glacier between 1850 and 1877 retreated 
nearly half a mil(‘, or on an average 1 1 G feet annually ; whilst 
between IbTOaud J877 the retreat extended for a distance of 400 
metres, or a mean of 187 feet per annum, the greatest reti’eat be^ng 
between the years 1870 and 1874, when it amounted to 250 metrcfs, 
or a mean of 205 feet per annum. In the Valley of Chamouni the 
Glacier du Tour retreated 320 metres in the eleven years betweeii 
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mean annual aldation of the Smss glamexs is esdniated at about 
10 fee^ but on the Glacier des Bossons the surface of the ioe has been 
lowered 260 feet in twelve years. 

Here, then, seasonal ductuations alone are attended by alternate 
advances and retreats of the glacier-front of not less, on a mean of 
these instances, than from 200 to 300 feet per annum. If, then, 
mere seasonal fluctuations are attended by changes of this extent, 
it would follow that with the secular increase of cold during the 
Glacial epoch the rate of progress must have considerably exceeded 
these limits. Taking for the present a mean rate of 250 feet, tho 
longest of the old Swiss glaciers, namely that of the Rhone, which 
then had a length of 250 miles, might have travelled that distance in 
5000 years. This, however, is assuming the absence of seasonal 
retardations and fluctuations, which is not possible. Allowances 
have to be made for warmer seasons and temporary retreats of the 
ice, and also for tho fact that the old glacier did not move on tho 
steep inclines of Aljuno valleys, but traversed the small incline 
of a great river-plain. On tho other hand, we ha%’^e to take into 
account the circumstance that the |>resent seasonal eliangos give 
measure of the growth of ice under the continuous and more extreme 
glacial conditions of that epoch. Nothing positive can therefore 
be founded on ibis case, though it may servo to show tlie possibility 
of a more rai)id rate of progress of tho old glaciers than the present 
estimates allow. 

We have, however, in Arctic regions truer and more adequate 
terms of comparison in the great ice-sheet of Greenland. Already 
in 1876 Professor Holland*' showed that the Greenland glaciers had 
a much more raiud rate of flow than those of Switzerland. Tbc) 
Jakobshavn glacier, notwithstanding its small slope of only half 
a degree, was found to advance its front at tho rate of from 50 to 60 
feet a da}^ Tho flow of the glacier of the Pjord of Torsukatak, 
wliich is nearly five miles broad, gave a rate of from 12 to 33 feet 
daily. Taking iho average rate of the three glaciers on whicli 
Prof. Holland made obsejrvations, tho average discharge of tho ice 
was 23 feet in twenty-four hours ; and he estimated that at tho 
Jakobshavn glacier only four years would reejuired bo to transport 
a mass from iho t^dge of the inland ice to the sea, a distance of 1 
miles. But he considert'd it improbable that the inland ice would 
move with anything lilco tln^ velocity of the glaciers, and calculated 
that a mass of ice starting halfway between the east and west coasts 
of Greenland would take eighty-one years to reach tho Fjord. 
These observations were, however, made in the summer months, 
and were only of a few days' duration, so that the annual rate was 
not ascertained. 

Since then a Danish scientific expedition, consisting of engineers 
and geologists (one of whom, Mr. K. J. v. Steenstrup, passed eight 
summers and two winters in the country), have completed a most 
important exploration of the Greenland ice, of which a short sum- 
* Quart. Jouru. Geol, Soc. toI. xxxiii. p. 142. 
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F;JiS|a^ bfts re been given by Dr. Bink*. Their observataons 
#0^ oonfirm those of Professor Helland, and show that the motion 
oi the inland ice may be compared to an inundation. It was found 
that there is a general movement of the whole mass of the ice 
from the central regions towards the sea, and that it concentrates 
its force upon comparatively few points in the most extraordinary 
degree. These points are rejiresented by the so-called ice-§ords, 
through which the annual surplus of ice is carried off and discharged 
in the shape of icebergs. 

The velocity of the ice was noted in seventeen glaciers, the 
measurements being rej)eated during the coldest and the warmest 
seasons; and it was found, remarkable as it may seem, that the 
movement was not materially influenced by the seasons. The great 
glacier of the ice->:Qord of Jakobshavn, which has a breadth of 4500 
metres, was rated at 50 feet per diem. One of the glaciers in the 
ice-fjord of Torsukatak has a movement of between 10 and 32 feot 
daily. The large Karajak glacier, about 7000 metres broad, proceeds 
at the rate of from 22 to 38 feet in twent}^ -four hours ; and another 
in the fjord of Jtivdliarsuk, 5800 metres broad, at from 24 to 40 
feet. The conclusion at which the Danish corps arrived was that 
the glaciers which produce the bergs move at the extraordinary rate 
of from 30 to 50 feet per diem throughout the year. 

"VVhat, then, may have been the rate of movement of the great 
ice- sheets of vVmorica and Europe in the Cilacial epoch ? IS'o doubt 
the velocity of the ice in the ico-fjords is increased by the free iffay 
of the ice as it roaches the sea and by the rajudity with which the 
bergs arc doiachod. It is also increased by the circumstance that 
the great bod}’ of inland ice, the whole of which is in motion, is 
forced, and has to escape, through the passes b(*twcon tho range 
of mountains which fringe tho coast and rise high above the imme- 
diately inland districts. Tho suminila of those mountains rise in 
bare isolated masses (Nunataks) above the surrounding ice-sheet, 
and the passes between them and through which the ice has forced 
its way have been gradually worn down, and now form the channels 
(fjords) through whicli the surplus inland ice osca])e8, with a velo- 
city increased in proportion to the contraction of the passages. 
Thus in the ice-Qord of Torsukatak, which is nearly 5 miles wide, 
the ice j^asscs out with a mean velocity of 24 feet per diem, or 
equal to a mass of ico of that width, and 1| mile long, annually ; 
tho Karajak glacier, which is 4.| miles broad, flows at the rate of 
30 feet daily, or equal t-o a length of above 2 miles a year ; and in 
the huge ico-Qord of Jakobshavn, which is not quite 3 miles broad, 
the ice attains a velocity of 50 feet daily, so that a length of above 
3 miles of ico is discharged annually. 

Until all the glaciers have been gauged, and we know the relation 
of their totals to the breadths of the intervening “ Nunataks,’' no 
definite measure of the total volume of annual suriflus ice can be 
established; but for our general purpose some approximate idea 
may be formed. The average of the great glaciers gives a mean rate 
♦ Trans. Edinb. G«ol. Soa vol. v. p. 286 (1887). 
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of 35 feet daily and a discharge of 2^ miles of ice annually. There 
are other ice-fjords of far greater breadth than those, such as the 
Humboldt glacier, which is 60 miles broad. Looking at the map, 
it seems not improbable that the breadth of ice-front to rock- front 
of the whole coast may be in the proportion of 1 to 20. 

Supposing the quantity which runs oif to be equalized throughout 
the whole extent of coast, the fringe of ice which would pass off 
from the land would be -i- of a mile in width annually, or a breadth 
of 1 mile would take eight years to pass oil*. If tlio proportion should 
prove greater, say 1 : 30, then it would take twelve years. In tlie 
one case a sheet of ice 100 miles long and of the Avidth of the cen- 
tral ridge would recjiiirc eight hundred, and in the other twelve 
hundred years for its formation ; or, taking the length of the 
maximum radius of the old ice-sheets, of which the Canadian high- 
lands and the Hcandinaviaii mountains formed the centre, at 500 
miles, the time required to form this length of ice would lie respec- 
tively four thousand and six thousand years. 

This, however, is based only on one roughly approximate known 
quantity. Wo have, on the contra side, to allow for (certain un- 
known quantities. Ilrst, allowance has to be made for the difference 
between the free escape into tlie sea and the impeded progress of ice 
over land with slight gradients. This resistance would, however, 
be partly neutralized by the gradual building u]> of a great thickness 
of ice in the central area, Avherc in the Glacial epoch it attained a 
thickness of from 5000 to 6000 foct^. 

The mass of ice, projected outwards towards its circumference, 
would, except AvhcTc it mot with contracted channels, roll over the land 
as a viscid body with comparafivedy little rigidity and friction. When, 
in the Glacial epoch, the great southern glaciers of the Alps flowed 
down the steep and confined A^allcys o]>cning up(ni the fiat plain 
of Lombardy, they deeply ploughed their channels, and pushed 
before them for short distances enormous moraines ; but in the 
wide open tracts of the United States, of Northern Europe, and tho 
south of England, ■w here the icc met with litth* resistance and could 
expand in other directions, there is, as a rule?, an absence of moraines 
and often of glacial strite. 

In the second place, there were, no doubt, seasonal fluctuations 
which would retard tho flow for lesser or greater periods. It is 
assorted that in Europe there were interglacial periods during which 
the ice disai)pcarcd from the surface for great lengths of time. 
But either the evidence is insuflficient or it points to slight temi)orary 
effects, except in one case, which is of more importance, and on which 
the greatest stress is laid, namely, that of Diimten in Switzerland. 
There beds of lignite with mammalian remains are intercalated 
between two glacial deposits. Admitting tho fact that tho lignite 
rests on beds of undoubted glacial (ground-moraine) origin, and that 
the trees grew on the spot where their stumps and remains are found, 
it by no means follows, as contended, that because these trees are all 

* The American geologists also consider that the Canadian land then stood 
considerably higher than now. 
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of species now living in Switzerland the temperature was that of 
Switzerland at the present day. Pinus sylvestris, Abies ewcelsa^ 
the Yew, the Birch, and the Oak flourish equally in Sweden and 
far north in Siberia. On the other liand, there is one species of 
Pinus (P. montana) which is spread over the mountain country up 
to heights of 7000 feet, and is rare in the low lands ; while one 
of the mosses is closelj' allied to a species now growing on the 
hills of Lapland. The few species of Mammalia have a distinctly 
northern fucies. Elejplias primiffenius^ K. antiqnuSf Ursus spelceus, 
as also Cenms claphiLs and Bos p^rimiyenius are commonly asso~ 
<*.iatod with the llcindeer, Musk-Ox, and other Arctic animals of the 
cold J'ostglacial times. Further, both the trees and animals are 
tljose of our Forest-bed,” the last land-survdval before the setting 
in of the extreme Olacial cold. 

Is the return, therefore, of the retreating glacier, supposing the 
boulder-gravel above tlio lignites of Diirnteii to be due to direct ice- 
action, to be ascribed to anything more than a comparative!}' slight 
temporary change of climate, like those that now for a succession 
of seasons cause, from time to time, a temporary advance of the 
glaciers, only more marked? We must allow, of course, for greater 
differences and longer intervals of time than now obtain. 

Such minor vicissitudes of climate are more eompatihlo with 
changes in tlie physiography of Euro])e than with the cosmical causes 
to which the Glacial epoch, as a wdude, w as, there is little doubt, due. 
Nor is it diflioult to And such a cause in the extensive changes in the 
distribution of land and water which took ])lace in Ihitain and Nor- 
tb(irn Europe^ after tlie first great laiid-glaciation and the formation 
of the Lower Boulder-clay, The submcrgciuje of Ireland, Wales, 
Scotland, and England (in x>art), and of a large area in lliissia and 
North Germany, extending to Holland, was sufficient, wdth the 
influence of currents from the south (for in the sliells of the ^Middle 
Bouldor-scrios there is a large peicciituge of southern forms and an 
absence of extreme Arctic forms), to effect a considerable amelioration 
of the climate, such as w ould lead to the tomj)orar}' return of the 
old Preglacial, hut still nortfiern, fauna and flora. 

With the rise of the temj)orarily suhraorged lands the climate again 
changed, and brought the Alpine glaciers back over X)art of their old 
ground, ovtjrw^helming in their course the forest-growth which had 
sprung up in the meantime. But the beds of stratified sand, gravel, 
and boulders ovorljung the lignite are more likely to have been the 
result of glacial torrents than of the direct sujierposition of the ice, 
which may have again approached, but is not i>roved to have covered, 
the spot. 

For the formation of this interglacial bod a period of 6000 years 
has been claimed ; but the claim rests on doubtful data. The lignite 
is from 5 to 1 0, and rarely 12 feet thick. In the estimate the maxi- 
mum thickness of 12 feet is taken, and it is assumed that to form this 
12 feet of lignite it would have- required 60 feet of peaty matter, or 
that it took 5 feet of peat to form 1 foot of lignite, and that 100 years 
would be needed for the growth of each foot of peat : thus a total of 
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^000 years is 61)tained. But the growth of peat varies extremely. 
It ma}’ be, in some cases, not more than 1 foot in a century, but it is 
commonly more, being sometimes as much as 4, 5, and even 10 feet 
in that time ; and while it is estimated that to form 1 foot of coal, 
from 2^ to 3 feet of wood 3 ^ matter maj* be required, it is clear that 
lignite, which has lost leas of its original constituents* than coal, and 
of which the specific gravity’ is about 1*2-3, while that of coal is about 
1*5, cannot require for each foot 3 feet of i)eat and wood. Taking, 
therefore, the original thickness of the jicat at 24 instead of 00 feet, 
.and the growth at 4 feet in a centur}', r>00 j'cars, instead of 6000, 
would he sufficient for the formation of the Diirnten beds. 

These intervals, therefore, although they may involve considera- 
tions jospecling hundreds, arc scarcely likely, as thej* must have been 
suhordinutc to the general jirogrcss of the ice-slieet, to involve ques- 
tions relating to thousands of j^ears. It is i.o he observed also that 
there is no evidence in North America of an interglacial period in 
tlie sense of the one supi)osed to have existed in Europe, although 
there is ovidcnco tliat after the groat ice-sheet had retreated for a 
verj* considoraldc distance northward, there was a ])ause or a ]>artial 
advance again southward — an advance marked this time hj’' doeplj’’ 
lobed lines of moraines. 

Whilst there are these reasons for prolonging the duration of the 
(Haciul epoch, there are otlier factors in tlio (question which kuid to 
shorU'n it. At present the discharge of ice irom the (Greenland 
sheet is merelj* the surplus under conditions of a settled mean an- 
nual teinx)oraturo ; but- the Glacial eiioch was a time, on the whole, 
although there maj' have been pauses, of constantly increasing cold, 
and of constant increase in the area of the great iee-slieet, and there- 
fore there \v*as not merely a supplj^ duo to a uniform mean annual 
temperatur*', but the increments arising from the gradual secular 
refrigeration. 

It may also he a question whether or not the rainfall was then 
greater than now. At present in Greenland it is small, apparently^ 
under 20 inches, while in the North -American old ico-area it is not 
less than from 40 to 43 inches aiinuall}*. .Tossihly tlio precipitation in 
the Glacial epoch was even larger, for the Eiorida prom<jntor 3 % which 
now detlccts and contracts the Gulf-stream, was at that time con- 
siderably smaller, the coral reef by which it is formed not having 
then extended so far south. Consequently the channel through 
which the stream x)asscd being wider, a greater volume of water 
flowed through ; and this largo bod}r, thus carried into tlio North 
Atlantic, moving probabl}- with greater volocitj’ and having a higher 
temperature than now, may, in consequence of the greater satura- 
tion of the incumbent air, have materially affected the jnecipitation 

* In the extreme case of the conversion of wood and peat into anthracite, in 
which tlie proportion of oxygen and hydrogen to the carbon is as f) : 95, the esti- 
mate is of from 7 to 8 feet of wood to 1 foot of anthracite ; and in ordinary coal, 
where these constituents are roughly as 15 : 85, the estimates vary from 2.j to 
3 feet of woody matter to 1 foot of coal. In lignite, then, whore the change has 
involved less loss (say to 30 O -f- H : 70 O) and the pressure has been less, the 
.compression must certainly have also been less. 
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in Korth-eastorn America and Korth-wostem Europe. It is 
ttierefore more than possible that the mean annual surplus of ice 
‘Was, independently of the extra quantity due to the increasing cold, 
larger than in Greenland at present. 

The growth of the ice-sheet is not, however, dependent only on 
rainfall. The expeiiments of MM. Bufour and Forel have shown 
tbat when the temperature of the air on the llhono glacier varied 
fl^om 41® to 52® F. there was a condensation of moisture equal to 
160 cubic mdtrcs of water per square kilometre, and this in- 
sreased proportionally the volume of the glacier-ice and water, 
tTnder those circumstances it is not diflScult to conceive that a foot 
or more, taking the total precipitation, might be added annually to 
the thickness of the ice. Even in recent limes a difference of Jovel 
in the surface of some of the Swiss glaciers to the extent of from 
80 to 100 feet has been known to have boon effected in the course 
of 20 years. 

Taking as the known quantity the results supplied by the Green- 
land observations, the equation will be — a surjdus-iee overflow equal 
to one mile advance in eight or twelve jeais, minus the retardation 
duo, 1st, to friction and irrcgulariti<‘s of eurfa( 0 ; 2ndly, to seasonal 
changes of temi»erature (the so-called interglacial periods) ; jdus, 1st, 
the increase of discliargo duo to ]>r<>gres^ive secular refrigeration, and 
2ndly, the increased ]>roci]niation and condensation. The one known 
quantity gives from 4000 to GOOO years. Of the unknown (piantitics 
wo can at jwosenl hut form a distant idea. We can only loel assured 
that they must, in all piobahility, bo subordinate to the known 
quant it}. After full conf-ideratiou of the subji'ct, mj own opinion, 
based on the fads 1 liave hero brought forward, is, that it will be 
found that the time required for tlie formation and spread of tlic 
great ice-shecds in Kuroi)o and Aiii(‘riea need not he extended h(‘- 
yond from 15,()0() to 25,(K)() years, if so nun li. 

I am taking this to re])reBent the iiiter\ai lu'tween the time when 
the ieo-sheot commenced its piogrc tsive mau h and that when the 
olimatal change w as such as to cause IS full letreat. The fact is, os 
we use the tei ms, tlu\) have not the meaning that might he attached 
to them. Proglacial does not signify a sc] arat(‘ period before the 
Gin cial,nor Postglacial another siibsi q\i('nt to it. The former term 
merely applies to the enilier stages ol the (ilacial epoch, and the latter 
to tho later stages. The lines are aihitraiy ones. Wo might equally 
well adopt two periods, the ono fiom the inset of tho cold period 
to its zenith, and the other from its zenith to its termination. 1, 
however, here adopt the usual divisions — the so-called tilacial epoch 
representing a certain length of time when the cold was at its 
maximum, and the others the periods of first increase and last de- 
crease. It is to the latter, to W'hich, on Br. Croll's hypothesis, a 
term of 80,000 years has been assigned, that I now refer. 

Tho adoption of this length of time has been very much the result 
of the belief that no shorter time would account for the excavation 
of the valloj s supposed to have been formed during this period. I 
myself may have been partly instrumental in giving currency to the 
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belief, for I placed the oldest of the old valley-gravols at the com- 
mencement of this Postglacial period, whereas I now think it pro- 
bable that in the south of England and in France many of them 
may date back to full Glacial times. I could never, however, agree 
to the great length of time assigned to the postglacial period. The 
adoption of a rate of denudation based on that of the present day 
always seemed to me open to grave objections, and in this belief all 
subsequent experience has confirmed me. Br. Croll, who, with others, 
adopts the generally accepted rate of denudation, namely, one foot 
of rock or soil removed off tho general level of the country during 
6000 years, nevertheless remarks “ if the rate of denudation be at 
present so great, what must it have been during the Glacial epoch ? 
It must have been something enormous.’’ This led him, it is true, 
to reject the alternative date of from 1)80,000 to 720,000 years ago 
for tho Glacial epoch, and to adopt the one terminating 80,000 years 
ago; yet much of his argument is based on the assumi)tion of the 
above-named rate of denudation 

But it is no more iK>ssible to judge of the rate of denudation during 
the Glacial period by that of river-action at the i)rescnt day than it 
was to estimate tho rate of flow of the Greenland ice by Alpine experi- 
ence. The enormous pressure and wear of ice from 2000 to GOOO f eet 
thick in contracted valley-channels, especially in fiords, where, as for 
example in Greenland, it stood from 1800 to 2000 feet higher than 
now ; the powerful disintegrating oflects of extreme cold on rocks; tho 
annual action of ground-ice in rivers, and of tho sweeping and devas- 
tating floods, resulting from tho melting of tho winter’s snow and 
surplus ice, combined to produce results of wliioh it is impossible 
to judge by tho ordinary work of these temperate latitudes. We 
must go to high northern latitudes to find any tonns of comparison. 

I am unable at present to go more fully into this subject, but 1 Avould 
just allude to some in tercsting corroborative testimony rocontly brought 
forward by Prof. J. D. Dana in connexion with tho phenomena of the 
Connecticut valley f. The numerous old river-terraces in this valley 
extend for a distance of 250 miles inland. Tho river has excavated 
a valley through the ancient high-level plain to a depth of from 
150 to 200 feet, with a width of from one eighth of a mile to one mile. 
The mean depth of the river in flood at this Postglacial (Champlain) 
period is estimated by Dana to have been about 140 feet t, tho mean 
height of the present floods being about 20 feet. The mean width 
of tho upper section of the flooded stream he estimates at 6000 feet. 
Taking these measures, together with the mean slope, ho obtains a 
maximum velocity of over twelve miles an hour, with a moan of about 
three or four miles, whence some idea may be formed of tho enormous 
transporting power of tho river of that period. The annual rainfall in 

* Though littlo change has yet been made in the line of argument, there has 
been a growing belief amongst geologists that the present rate of change has 
not always been uniform, and must not be taken as the measure for all past and 
all future time. See some pregnant observations on this point by Dr. Archibald 
Geikie in the Trans. Qeol, Soc. Glasgow for March 1868, p. 188. 

t American Joum. of Science for March 1882. 

^ This seems to me possibly too extreme a depth. 
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this district now varies from 65 inches on the coast to 42 inches in 
the interior ; hut during the Glacial period, Dana considers that the 
fipecial conditions must have occasioned a much more abundant pre- 
cipitation — probablj' as high as 120 inches, or greater than in any 
modem glacial region. 

In this country and in the north of France the valleys have been 
•excavated to the depth of from 80 to 120 feet in glacial and postglacial 
times. It ma}’^ be difficult from our present experience to conceive 
this to have been effected in a comparatively short geological time, 
though the extension back to glacial time gives both greater power 
and greater time ; yet it is equally, and to my mind more, difficult 
to suppose that Alan could have existed 80,000 years (or 200,000, 
if Preglacial), and that existing forms of our fauna and flora should 
have survived during 240,000 years without change and modification. 
The acceptance of those dates, which place the land-glaciation some 
100,000 to 150,000 years back, w'ould also lead to the difficulty (even 
on the assumption of a rate of denudation of 1 foot in 0000 years)* 
that the surface-wear should have been far greater than it is. 
For example, to mention onlj'’ two points, could the striations on 
soluble rock- surfaces have remained so fresh as they are, and W'ould 
not the limestone-rock on which the boulders of Hiluriau rocks 
were left on the molting of the ico on tlie Yorkshire bills show 
much greater wear than it actually does ? These boulders now stand 
on pedestals raisc'd from 1 to 2 feet above the surrounding suriace-lovel 
in cons<i(|iience of the dissolving away of the limestone rocks. We 
should look for pedoslaJs of mu<*h great, to* height if the glaciation 
took place at the distant period involved in Dr. C'roU’s hjq^o- 
thesis. 

My first imi>re8sions with re8i>ect to thoValloy of the Somme were: — 
that the high-level gravels originated in early Cilaeial times ; that the 
intermediate stages und terraces werti form<*d during the excavation 
of the valley as a coiKsetiuonco of the great glacial and i^ostglacial 
floods ; and that the low-level gravels formed the concluding stage of 
those conditions. Put in the absence of data, since acquired, the 
^strong prepossessions then existing, and the novelty of the subject, 
I was then led to conclude that the whole might be Postglacial. 

8o much evidence has, however, since been brought forward with 
respect to the so-called Preglacial Man, that I feel I am now justi- 
fied in reverting in great ]>art to my original position. The cave- 
work of Mr. Tiddemaii and Dr. Hicks gives strong presumptive evi- 
flenco of the earlier geologie>fl appearance of Man in the British area ; 
and I see no reason to doubt the sub-boulder- clay evidence of Mr. 
Skertohly, although 1 was unable myself to corroborate his discovery 
of the worked flints. Of the correctness of his opinion in respect to 
the stratigraphical position of the bed in which his specimen was 
found, I have, however, little doubt. The great masses of gravel in 
the neighbourhood of Mildenhall and Lakenheath, also containing 
flint implements, are certainly not of fluviatile origin ; they seem 

* A ^neral rate of tliis description is also scarcely applicable to a special 
rate, su^ as that relating to valley-denudation. 
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to me to be part of the phenomena connected with the passage of 
the great ice-sheet over the eastern counties, and in that sense 
Preglacial. I hope, when more at leisure, to be able to give other 
instances. 

In the meantime, I may briefly state my conclusions that the 
high-level beds of the 8omme Valley at Amiens, of the Seine in the 
neighbourhood of Paris, of the Thames at the Ileculvors, and of the 
Avon at Salisbury’, together with the caves above named, date back 
to Glacial or Preglacial times, not in the sense of being anterior 
to the Glacial epoch, but in the sense of belonging to that part 
of the Glacial epoch when tlic great ice-sheet was advancing, but 
had not yet invaded the ■whole of this area. The ice-flood does not, 
however, seem to have extended to the 8omme and Seine Valleys, 
and there Man, driven back from more noiihcrn latitudes, remained 
in occupation possibly during the climax of the Glacial epoch, after 
•which he returned to the old ground ho had previously occupied, 
and has left further traces of his presence in the lower drifts of the 
Valley of the Thames and of other rivers of thigland, and in the 
caves of Crcsswell and other districts. Man was iheroforo “ Pre- 
glacial” in one sense, hut should, 1 think, in another sense, ho 
more correctly termed “Glacial^' or “ Midglacial,” inasmuch as it 
was during the advance of the ice-flood, and only shortly before 
the land was overwhelmed by it, that ho occupied the ground. 

In supposing that Man was present in fhis jjart of Europe in 
Glacial times, I am, however, far from claiming for him the antiquity 
which a term of 80,000 years would give to Postglacial Man, as 
usually understood. For the reasons before given, I believe that 
the Glacial epoch — that is to say, the epoch of extreme cold — ma^ 
come ^vithin the limits of from 15,0iK> to 25,000 years, and, for 
reasons just named, tliat of the so-called Postglacial ])criod, or of 
the melting away of the ice-sheot, to •wnthiii from 8000 to 10,000 
years. This might give to Palacolitliic Man, supposing him to 
be of so-called Prcglaoial age, if wo may ho allowed to form a 
rough approximate limit on data yet very insufticient and subject to 
correction, no greater antiquity than i>cr}iaps about from 20,000 to 

30.000 years ; while, should ho he restricted to the so-called Post- 
glacial period, his anli(juity need not go further hnek than from 

10.000 to 15,000 years before the time of Neolithic Man. 

Eooking at the facts before mentioned — that most of the species of 

our existing land- and marine fauna and flora appeared in true pre- 
glacial time, that is to say, in the time of the Forest-hod group, and 
were the same as now ; that the great extinct Mammalia of that time 
have left no descendants, but have merely died out as a consequence 
of the great changes of climate and conditions ; and the difficulty of 
conceiving that Man could have existed for a period, say, of 200,000 
years •mthout change and without progress — looking, I say, at these 
facts, it seems to mo that a shorter estimate of time is the only 
one in accordance with all the conditions of the i>roblem. 

This view of the question also brings the geological and ethnolo- 
gical data into closer relationship. Palseolithic Man in north-western 



dmifpettred 'inth the valley-gravels. With the alluvial and 
{MMdi^beds Neolithie Man appeared, after an unascertained hut not 
Sli^eesaarily a very long interval, geologically speaking. In Europe 
we are unable to carry back his lucsence beyond a period of from 
3000 to 4000 years b.c. But already in Egypt, and now in Asia 
Minor, it is proved that civilized communities and large States 
Nourished before 4000 b.c. Civilized Man must therefore have had 
a far higher anti<iuity in those countries, and probably in Southern 
Asia, than those 4000 or 5000 ^ears ; so that it is possible that the 
two periods maj^ have oveilapped in J^lurope and in Asia, and that 
while Man in a more advanced stale flourished in the East, he may 
here in the West have boon in one of his later Postglacial stages. 


Discussion. 

Tho Pbbsident welcomed Prof. Prostwich back again, and said 
that ho had been greatly missed whilst engaged in other work, for 
the result of which all w^ore looking anxiously. The paper was 
calculated to arouse^ an aianiuted discussion. Prof. Prostwich had 
only noticed the geological objections to Dr. Croll’s hypothesis. The 
investigations of tljo Danish gtjojogists in (ireenland atforded valu- 
able new data. One most imjiortant point for consideration was 
the age of the valley-gravels in England and Korlhorn France, 
which Prof. Prostwich had so ably treated. 

J)r. Evans rc'gn'ttod that he had to diiier from the Author, and 
commented on the boldness of giving numerical estimates of geo- 
l%fical time. It w'as questionable wliether tho astronomical calcu- 
lations were quite comjdcte. (Considering tlic dej)osit 8 formed 
since the Glacial epoch, both marine and IhiviatiJe, ho doubted 
whether the dates assigjied by tho Author sulHced. Increased rain- 
fell might account for somo of the denudation, but the amount 
could not have been immensely excessive or animal life would have 
eufiered more than it did. Marine erosion told a similar story to 
fluviatile, as in the case of the southern part of what must have 
been the old valley of the Solent, which must surely have required 
more than 10,000 or 12,000 years to remove. Still tho ordinary 
views of extent of time might ho extiggcrated. The speaker could 
not accept as conclusive tho evidence of the proglacial age of man 
in Wales, and was very doubtful whether the palaeolithic implements 
found by Mr. Skertclily w'ore in beds of glacial date. Somo of the 
palieolithic imidements in tlio Eastern districts wore made from 
pebbles brought into the country by glacial action, and it was in- 
credible that any implements of really preglacial age should be of 
the same type. Preglacial man might, however, have lived in 
other parts of the world. 

Dr. Geikie remarked that Sir W. Thomson originally had allowed 
100 millions of 3 ’^ears geological time, and it was on this estimate 
that Dr. Croll’s views were founded. Now, however, Dr. Thomson 
had limited geological time to about 12,000,000 years. The speaker 



doubted wketlier this ooiald hare soffioed for the known course ol 
geological events. He wished to know the data on which Prof. 
Prestwick’s estimates of time were founded. It had been suggested 
that the upper valley-gravels might be due to the melting of the ice- 
sheets and not to rivers at all. 

Prof. Boyd Dawkins also questioned the figures. There are no 
standards for measuring time in terms of years outside history, in 
which not only the sequence of events is recorded, but the length of 
the intervals between them. In geological time we are dealing with 
a sequence of events separated from one another by intervals, of 
neither of which have we any certain measure. Dr. CroU’s theory 
is based on the assumption that the Glacial climate was produced 
by a change in the relation of the earth to tho sun. There is no 
evidence of this. Nor are natural chronometers to he found in the 
variable rate of valley-erosion, or of the deposit of alluvium, or of 
the retrocession of waterfalls. Nor do Sir W. Thomson’s varjnng 
estimates of past time (ranging from twelve to three hundred mil- 
lions of years) help us. The antiquity of man can only be measured 
by tho changes which have taken i>lace in geography, in climate, and 
in fauna, which have been very great. The strata with palaeo- 
lithic implements in Algiers, Egyx^t, Palestine, and tho Dekhan have 
not as yet been brought into relation with the Glacial j)eriod. 

Dr. Hicks remarked that Prof. Prestwich, in giving reduced esti- 
mates of geological time, must have been desirous of converting some 
who seemed still unwilling to accept tho evidence obtained, l>earing 
on the prcglacial ago of man, a]>i)areiitly mainly because of the 
exaggerated amount of time given to the Glacial period by some 
authors. Tho evidence ns to rapidity of motion of ice in Greenland 
tended to shorten the necessary duration of the Glacial period. Ho 
invited Dr. Evans and all Fellows to be ])re8ent at the now ex- 
cavations in Wales, which were to be commenced on the O'th June. 
He described the situation in w'hich the remains of man, claimed 
to bo of Glacial ago and iirobably Preglacial, had been found, and 
explained tho line of investigation about to be adopted. 

Mr. De Kance stated that he fully agreed with Dr. Hicks in 
his interpretation of the facts observed by him. 

Mr. J. Allen Brown, after thanking Prof. Prestwich and Dr. Evans 
for their contributions to tho discussion of this question, proceeded 
to notice tho results of his own researches in the Thames Valley, 
and especiallj’ in the neighbourhood of Ealing, which indicated, he 
thought, that a lapse of time incalculably vast must have been re- < 
quired for tho production of the observed phenomena. 

Mr. Tiddeman said that the evidence as to tho rapidity of motion 
of the Greenland icc-shect was most imx)ortant. He did not think 
we could safely take the erosion of the limestone around the perched 
Norber boulders as a measure of time elapsed since the ice-sheet, 
because much glacial rubbish may have been removed before the 
surface of the rock was exposed to weather. The implement ad- 
duced by Dr. Evans as proving that palaeolithic man was postglacial 
in England could not prove that he was later than interglacial 
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times ; and of an interglacial land-period in England there were 
the clearest possible proofs. 

Mr. Topdey referred to the relative condition of land now and 
fifteen hundred years ago, which, ho thought, must be of conse- 
quence in this discussion. From the remains of Homan works we 
might safely conclude that the physical condition of the country was 
practically unchanged since that date ; the fords of the Homan 
roads are often still in use, and no appreciable amount of valley- 
erosion has taken place in 1500 years. Under these circumstances 
he thought that wo could not suppose such great changes as we 
know to have occurred could have taken place in only six or eight 
times that period. 

The President suggested ihat Prof. Prestwich was not by any 
means the first person to lay down fixed terms of years for the 
duration and date of the Glacial period ; he found very definite terms 
laid down by other writers, and merely indicated reasons why these 
should be greatly reduced. 

The Author did not attempt to fix actual definite terms of years, 
hut only to show that we must not unhesitatingly accept such large 
measures of time, especially when based, as they were, upon an assumed 
and unproved necessity. He objected to remain in that state of 
ignorance with reference to time which some of the speakers seemed 
to find quite satisfactory. He referred to the observations of the 
Banish observers on the Greenland ice, as furnishing us with certain 
definite time-results, the application of which might be expected to 
help the question. It was a simple rule-of-three sum. If tho 
Alpine data were supposed to accord with terms of 80,000 and 
160,000 years, what are the numbers which should accord with the 
Greenland data? It is impossihlo to contend that it would make 
no difierenco, which would be the conclusion implied by the obser- 
vations of some of tho speakers. 
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30. A Revision of the Echinoijiea from the Australian Tebtiariks.. 

By Prof. P. Martin Duncan, P.R.S., P.G.S., &c. (Bead 

June 8, 1887.) 

In a communication to the Geological Society on the Echinodermata 
of the Australian Cainozoic deposits, which was printed in the 
Quarterly Journal of the Society, 1877, vol. xxxiii. p. 42, a list of 
the species of fossil Echinoidea which had been published up to that 
date was given, and eleven new species were described. Since the 
publication of that communication, there has been an important 
addition made to the Australian Tertiary fauna by Prof. B. Tate, 
E.G.S.* * * § , who described Salenia tertiaria from the middle Tertiaries 
of Aldinga, south of Adelaide. This author also mentioned the 
occurrence of several genera which had not been considered to be 
members of the Australian Echinoid fauna, but ho did not describe 
any of their species. Observations have been published upon the 
very interesting Salenia by A. Agassiz t and myself The only 
other communications on the subject of the Echinoidea have come 
from Prof. M‘Coy §, who introduced three species of Pericosmus and 
a Clypeaster to the fauna, and, moreover, made some most valuable 
criticisms upon the work of previous observers. He has had ex- 
cellent specimens, the examination of which has thrown much light 
upon some doubtful species |{. 

In spite of the comparative paucity of species in this fauna, it has 
been veiy constantly before those palceontologists who have studied 
the other Echinoidean faunas of the East, and who have attempted 
to comprehend the affinities of the ancient faunas and that of the 
abyssal oceans. The extraordinary grouping of Cretaceous and 
Tertiary, as well as of recent, types in the Australian deposits has 
not been forgotten, although research amongst the fossil Echinoidea 
of other parts of the world has diminished the intensity and value 
of this peculiarity of the Australian Echinoid fauna. 

As it is necessary that some of the species of Echinoidea should 
be revised, I have gone through the whole series, so as to leave as 
little opi)ortunity for erroneous conclusions as possible. It will be 
found that some alterations are made which render the Cretaceous 
alliances of the fauna rather more decided than hitherto ; but they 
will not assist in the linking of the deep-sea Echinoid fauna directly 
with the Cretaceous types. 


* R. Tate, Quart. Joum. Geol. Soc. 1877, vol. xxxiii. p. 25G. 

t A. Agassiz, * Report Challenger Echini,’ 1881, p. .51. 

X P, Martin Duncan, Ann. & Mag. Nat. Hist. ser. 5, vol. ii. p. 61 (1878). 

§ F. M‘Coy, Prodr. Pal. Viet, decades vi., vii. (18711, 1882). 

II The excellent Catalogue of Australian Fossils compiled by R. Etheridge, 
Esq., jun., and publish^ by the Syndics of the University Press of Cam- 
bridge in 1878, records most of the l^binoidea, and of course all vrhich were 
known to the author. For the list of Tertiary Echinoidea, see p. 138. 
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1. C 1 DA.BIB (Leiocidakis) ATTSTEAUiE, Dunc. Quart. Journ. GeoL 

Soc. 1877, voL xxxiii. p. 45, pi. iii. 

There is nothing to add to the former description of this species. 

2. There is another species of Leiocidaris in the fauna, but the spe- 
cimen in the British Museum, Blanford Collection, from Baimsdale 
(“ E. 107’^), is defective, there being only a portion of an inter- 
radium and ambulacrum. But the structures enable this form to be 
distinguished si)ocifically from Leiocidetris avstralia?, nob. The am- 
bulacrum is rather undulating and narrow ; the poriferous zone is 
very slightlj’ sunken ; the pores ai’c large ; the outer one of a pair is the 
larger and elliptical ; the inner or adoral is round ; the}' are united by 
a groove, and about seventeen y)air8 are in relation to a large inter- 
radial coronal plate. Inter jxuiferous area with a row of small, im- 
perfect secondaries, with slightly raised scrobicules and a small boss, 
no mamolon, placed close to the poriferous zone, and a series of 
smaller secondaries nearer the median line, in a vertical row exUuid- 
ing along the middle of the area, but not reaching much actinally or 
far towards the apex. The ])rimarie8 of the interradia are large ; 
the scrobicules arc distinct, nearly circular ; and there is a row of 
small 8econdari<‘S and a few granules between them and the hori- 
zontal sutures of the plates. The boss is broad at the base and 
conical, and the mamelon is contracted at the neck and is perforated. 
There is no cronulation. The margin of the scrobicular circle is 
sunken, and is surrounded by a row of small secondaries made up of 
an elongated raised scrohicule, longest transversely, and a small boss ; 
there are a few smjilhu’ tubercles placed beyond the circle, and 
fitting in between the larger, so as to complete the circle, and a few 
exist beyond it. Two or three rows of still smaller tubercles extend 
along the jdates beyond the circle towards the median line, and the 
median area of the interradium is narrow. 

Numerous spines are in the collection, and the large and nearly 
smooth ones may be associated with this genus. 

3. GONIOCIDARIS, sp. 

There arc several spines of a species of this genus present in the 
Capo Otway deposits. 

4. Salenia TEETiAEiA, Tato, Quart. Joum.Geol. Soc. 1877, vol. xxxiii. 

p. 256. 

This interesting species has been examined by me (‘ Annals and 
Magazine of Natural Histoiy ,' 1 878, ser. 5, vol. ii. p. 61), and recon- 
sidered by A. Agassiz (lleport on the ‘Challonger’ Echini, p. 51, 1881). 
It is a most interesting form, and large and well-grown. 

The occasional entry of one of the radial plates into the formation 
of the anal ring is not enough to remove the species from the genus, 
for a similar entry is also inconstant in the recent Salenia luistigera, 
A. Agass. Moreover, Cotteau, Peron, and Gauthier have described 
Algerian Cretaceous Saleniw, which have a radial plate entering the 
anal ring ; and Salenia Blanfordi, Dunc. & Sladen, firom the Eocene of 
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Sind, has a similar character. There is now no doubt that the suc- 
cession of the species of Salenm has been from the Cretaceous age 
through the Eocene and Miocene to the present day, and that the 
definitions of the species indicate that the principal generic characters 
prevail in all. But it does not appear, from the consideration of the 
sjiecies of Mollusca, or of the other species of Echihoidea which are 
found in the same deposits as Saleuia tertiaria, Tate, Fellatio 
Cott.* * * § , and S, Bhtnfin'di, I)unc. & 81aden t, that they were dwellers 
in deep water. Certainly the same kind of evidence, when applied in 
the instance of the Cretaceous forms of the genus, does not show 
that the}’’ lived under the same conditions as those sj^ecies which 
have been dredged up from great doj)ths. It would be more correct 
to say that there is no evidence to show that the ancient siiocios had 
the same bathymetrical range as the recent forms. A. Agassiz, in 
his report on the ‘ Challenger ’ Echini^ 1 881 , p. 20i), explains that the 
range of the species as a group is from 00 to 1800 fathoms, and it 
may ho reasonably assumed that the Tertiary species did not exist 
at the extreme depths, hut that they and the ^lollusca which were 
found associated with them were dwellers in a less dei>t]i than 500 
fathoms. 

5. rsAMJiEcmxTJs WooDRT, Luuho, 1869, Sitzungsb. Akad. Wiss. 

Wien, Bd. lix. p. 185 ; R. Etheridge, jun., Quart. Journ. Geol. 
8oc. 1875, vol. xxxi. p. 447. 

The specimens of this PsammecMmts in the collc’ction of the 
Geological Society arc fairly jweserved, except in the apical system. 
They are small and tall, and (au’tainly have tri]»le corai)ound plates 
formed upon the true EcJihufs prijiciijlo ; but although Mr. 
Etheridge, jun., has figured the apical system of a specimen in the 
Blanford collection now in the Ihitish Museum, which is similar to 
that of a common spi^cies, it will })e observed that the Australian, 
forms are somewhat unusual and aberrant. 

G. OuTUOLOPHUS LINKATUS, DuDC. 

TemuicJiimfS lineatus^ i)unc. Quart. Joum. Geol. 8oc. vol. xxxiii, 

1877, p. 4G. 

This form has given a vast amount of trouble in its classification, 
and it has been necessary to define a new genus for its reception. 
When the species was included by me in the genus Temnechinus, 
Eorbes, the morphologv' of the plates of that genus and of TeAnno- 
pTenrxis was not known ; hut 8ul)scquently a considerable number of 
Echinoidea, which had been placed under Temnopleurus, Agass., by 
d’Archiac and Haime, were studied by Mr. Tercy 81a den and 
myself A few years ago § the morphology of the coronal j^lates of 

* Kev. et Mag. do Zool. s^r. 2, t. xii. p. 222 (18G0). Eocene. 

t Pal. Ind. ser. xiv. Foss. Ech. W. Sind, jjt. 2, p. 28 (1882). 

t Pal. Ind. ser. xiv. Foss. Ech Sind, pt. 2, p. ^ (1882). Foss. Ech. Kacb, 
p. 54 (1883). 

§ Journ. Linn. Soc., Zool. 1882, xvi, p. 447 : also A. Agassiz, Report on 
" Blake ’ Echini, 1883, p, 37. 

a.J.G.S. I^^o. 171. 2 f 
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iiwqr. ji^,i?3B!iraii^ 

'wbb putilHvbed, enaHes 1h& 
bi^ well j^tttalbed. B’Arcliiao and Haime * pass^ very 
‘btoiptly over the claims of TemneMnus^ Porhes, and placed all the 
i^auti^l forms they discovered amongst the Sind Tertiaries in the 
. gentts Temmcplmirus. They should, however, have been placed in 
Tenmechinus, But associated with these forms were others which 
had a raised costulate ornamentation only, without furrowing of 
sutures or the presence of true and false pits. By the light of the 
morphological investigations, these species were removed from Tern-- 
nopl&ums, Agass., and TemnecTiimis, Forbes, and associated with the 
genera Dictyopl&urus, Arachniopleurns, Dune. & Sladen, &c., and it 
is in their neighbourhood that the species formerly named Tenme- 
ekinus lineatus^ nob., must come. In fact it is correct, from what 
is now known, to distinguish three alliances of genera, the Temno- 
pleuroid,the Temnechinoid, and the Dictyopleuroid, and the species 
under consideration must come within the latter group. 

Up to the present time no true Temnopleurus or true Temnechinus 
has been found in the Australian Tertiaries. 

Laube t discovered and described an Echinoid which, unfortunately, 
had no apical system ; but the basal and radial plates had loft their 
impressions on the test surrounding the porii>roct. The ornamental 
characters associate this form with the Tertiary Dictj’opleuroids of 
Sind and Kach, hut there arc more than specific distinctions between 
Paradoxccliinus novus^ Laube, and the costulatod form called Temne-^ 
cMmis lineatns. 

It is, however, evident that the apical system of the form which 
was termed Temnevhmns lineatus, and which it is now proposed 
should enter a now genus, Ortholoplms^ is small, and not one half of 
the dimensions of that of l\trado,rfc7iinus, the measurement being 
made across the vacant spaces and as far as any evidence of former 
structure occurs. 

The so-called Temnechimts had not the elongated periproct of the 
genus Dicti/oplennis and of Paradoxechinns^ and no radial plate 
entered the pcriproctal ring as in ihoso genera. It is therefore 
necessary to define a genus for ihe species, which has a small apical 
system and a remarkable straight and crowded transverse costulation 
of the test. 


Genus ORTUoxornrs, gen. nov. 

The test is small, low, more or less pentagonal in marginal outline, 
suheonioal above the tumid ambitus. Apical system (wanting). Peri- 
proct small and circular. Ambulacra one half of the width of an inter- 
radium at the ambitus, straight, with slightly sunken poriferous 
zones ; pairs in iU-defined triplets nearly in straight series, appear- 
ing on the edges of trausverae cost©. Compound plates with a central 
demiplate, the others primaries. A vertical row of small imperforate 
non-crenulate primary tubercles is close to the poriferous zone, and 

* Anim. Foss, de I’lnde, p. 202. 

t I^uhe, Sitzungsb. AIcemI. Wiss. Wien, Bd* lix. p. 186, fig. 2 (1869). 



the m^tien area ia er<ywdj&d -mth nearly stmght xMge-like ooeta^, 
passmg from the baeea of the primaries almost transrers^y^ and 
carrying small secondaries. Interradia with two Tertioal rows of 
primaries of the same size and structure as those of the ambulacra, 
their scrobicules raised and united with those above and below by 
vertical straight costas, and with those of the opposite row by 
numerous crowded, transverse, straight costae, with small secondaries 
on them. Peristome small, almost without cuts. 

Obthoxophus lineattts, Dune. (See the description of the species 
under the generic head of Temnecliinus^ Quart. Journ. Geol. 
Soc. vol. xxxiii. p. 46.) 

The dimensions of the specimen are : height 8 millim., diameter 
14 millim., width of apical system 4 millim. 

The alliance of this form is closest to the recent Trufonoeidaris^ 
A. Ag., and it is the representative of the Dictijopleuri of the 
Tertiaries of Sind, Kach, and Egypt. 

7. PABADOXEcnmus Novus, Laube *. 

The impressions loft by the basal and radial plates upon the test 
close to the anal margin indicate that the last-named xdates were 
placed between the others, and that they all entered the anal ring ; 
the anal opening was large, and the apical system appears to he de- 
pressed according, to Lauhe’s evidently correct drawing of the species. 
The height of the tost is 6*5 millim., the diameter 13 millim., and 
the diameter of the anal opening 7 millim., whilst that of the 
peristome is only 4 millim. The pairs of pores are on the plates of 
the test, and not upon costae, and the oblique direction of the zigzag 
of bunches of costje is very striking ; the primary tubercles aro 
neither cronulate nor perforate. The branchial cuts are very small. 
This is a well-defined genus and species, and if the statement about 
the apical system just made turns out to he absolutely correct, then 
the alliance is with the Eocene Dwiyopleuri of Sind and of Egypt. 
Cotteau has defined a genus, Coptechinus (“ Ech. nouv. ou peu 
connus,” Extr. du Bull, de la Soc. Zool. de Erance, 1 884, hisc. 2, 
p. 27), and the species is from the Miocene of Erance ; but the fo m 
so well described is clearly a sjjecies of Paradoccechinus^ that genus 
having escaped the observation of the distinguished French Echino- 
dermatist. It is very interesting to be able to trace this westerly 
development of an Australian genus. ParadoxeAdiinus novus was 
found in the deposits of the Murray Cliffs, South Australia. 

8. Cltpeaster folium, Agass. Cat. rais. p. 73 ; Desor, Synopsis, 

p. 243. 

A variety, var. elonyata. 

So long ago as 1864 I asserted the presence of Clypeaster folium^ 
Agassiz, in the Murray Cliffs and at Mount Gambier, South Australia 
(Ann. & Mag. Nat. Hist. 1864, vol. xiv. p. 166). But Mr. K. 
Etheridge, jun., in his communication to this Society in 1875, 
* Tom. cit. p. 186, fig. 2. 
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remarked that he had compared the specimens identified with C7y- 
jfteaater folium with Monoatychia australis^ Lanbe, and that he found 
them one and the same. In 1877 I accepted Mr. R. Etheridge’s 
correction with a necessary explanation (Quart. Joum. Geol, Soc. 
vol. xxxiii. p. 48). But there is at least one excellent specimen of a 
Clypeaeter in the National Collection (Blanford Coll., Geelong, 
Victoria E. 1,108, marked X), and it has the specific characters of 
Clypeaster folium, Agass. The specimen was compared with a small 
Clypeaster folium from the Miocene of Corsica, in the British 
Museum, and with a full-grown type from Malta, also in the 
National Collection ; careful measuroments were taken, and with the 
following results ; — 

The relational measurements of a small Clypeaater folium from 
Corsica (length 47 millim. ; 47=100): length 100, width 05’7, 
height 17. The measurements of the largo type from Malta, the 
length being 93 millim : length 100, width 80, height 18*4. 
The measurements of the middle-sized specimen from Geelong 
(length ()0 millim): length 100, width 84*8, height 17*4. The 
comparison of these measurements with those taken hy 3f‘Coy of 
Clypeaater yippslandicus shows that the height of that form is 
much greater than that of Clypeastfr folium, being 27 in relation 
to 100. In the form which I consider to be a mere variety of 
Cl ypeaster folium, Agass., the petaliferoiis part of the ambulacra is 
very slightly raised and the flatness of the tost -is very marked. 
But there are the same charactt'rs, regarding shiipc and relative size, 
in the petals of the throe specimens measured. In a typical 
Olypeaster folium the anterior ])etal is fho longest, and its breadth 
is the same as that of one of the antero-latoral petals, which is, 
however, shorter ; tlio postero-lateral ])etals are the shortest and 
widest. The measurements in the Australian type are : — anterior 
arabulacral petal 18 millim. long and 12 millim wide ; antero- 
lateral petals 1 0 millim. long and 1 2 millim. wide : postero- 
lateral petals 11 millim. long and 13*5 millim. wide. The anterior 
petal is widely open, and the postero-lateral are less so, hut are 
large distally, and the antcro-lateral petals are nipped in near 
the end where the pores of the opposite zones approach to a con- 
siderable extent. This narrowing of the distal ends is very" striking 
and persists in all tlic specimens. 

The shape of the test of the Geelong form is rather longer than is 
usual in European specimens, and there is perhaps a little more 
rounding of the thin posterior margin of the test. The shape 
differs materially from that of Clypeaster gippslandicus, IVt^Coy, 
and the ornamentation of the costae of the poriferous zones and of 
the test between the tubercles is also different in the two forms. 

If the Geelong Clypeaster had been found in Malta, it would have 
been put down at once as a variety of Clypeaster folium, and I 
therefore give it that name. 

9. Cltpbastkk gippslakdious, M'Coy, 1879 *. 

JEfChinenithus issiudinarius. Gray. 

Prof. M‘Coy considers that JEkhinanthus testudinariuM, Gray, which 
* Prodr, Pal. Viet. dec. vi. 1879, p. S3, 
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was stated to be a fossil in the Mitchell-river Tertiarics by Mr. 
Tenison-Woods and myself, is a species of Glypeaster, The classifi- 
catory position of the form I examined was a subject of doubt, as 
will be gleaned from the following extract : — “ Except in some slight 
points in which there is great individual variation in the recent 
forms, the fossil agrees with those which Gray called E. testudinarius 
and E. austredien^ the latter of which has been absorbed by the 

former The species is interesting from its close resemblance to 

a Clypeas^ter ; but it has no ijores close t o the sutures of the plates 
within the ambulacra on the actinal surface ” 

M‘Coy has shown that the internal structure of the test is that of a 
Clypeaster^ according to A. Agassiz, and he has investigated the 
subject of the ambulacral pores and finds that they are variable ; 
but probably tliat is produced by fossilization. 

Prof. M‘Coy considers that the morjfiiological distinction between 
Clypeaster and Echinanthu.^^ according to A. AgJissiz, is barely siifti- 
cient to separate the genera ; and it must be remembered that, with 
the exception of the greater concavity of the actinal surface in 
EehinantJuis^ the other structural difiercnces are internal. The 
specimen examined by Mr. Tenison Woods was not studied by me, 
and Prof. ]M‘Coy has not had the advantage of examining the very 
large form which was noticed in my former comraunicution, and 
which is ill tlie collection of this Society. It is exceedingly Echi- 
nanthine in its general appearance, but the test is fiat actinally for 
some distaiKJO towards the deeply sunken jx'ristome. The relative 
measurements of Clypeaster f/ippslandicm, M‘Coy, are ; — length 
90 niillim.= 1 0C>, width 88, height 27. Those of the largo form 
now under consideration are : — length 105 millim. - • LOO, widtVi 85*7, 
height »31. The suspicion that the two forms arc not specifically 
identical is somewhat aroused by the relative increase in length of 
the larger form, and is intensified by the petals of tbo larger form 
being much broader than those of the other ; moreover, the jiostero-. 
lateral i^etals of the Gippsland species arc longer than those of the 
larger form. If the drawing of tlie terminations of the petals given 
by Prof. M‘Coy is correct, there is almost, if not qnitc^, a specific 
difference between the forms, for the antero-lateral petals are tend- 
ing to close, and are rather narrow externally, in the form which 
came under my observation. In fact there is a facies about the 
petaloid part of the test which recalls Clypeaster folium. Subject 
to this expression of doubt, I agree with M‘Coy in considering the 
form to belong to his Clypeaster gippslandicas. 

In my former communication (p. (50) I expressed my belief in the 
identity of Monostychia, Laube, and Arachnoides^ feein, mainly 
owing to the furrowing of the ambulacra ; and the drawing and 
description given by Laube of the internal supporting structures of the 
test (Laube, “ Fossil Echinoidea from the Murray Cliffs,” Hitzungsb, 
Akad. Wiss. Wien, vol. lix. Bd. i. 1809, p. 188, fig. 3 c). At 
that time the reasons for separating the genus MonostycMa from 
Arachnoides were the not invariable supramarginal position of the 
* Quart. Jouru. OeoL Soc. vol. xxxiii. (1877) p. 47. 



$ 9 ft Jh^idhudS^^ ilb» rariaUe notoldiig of tlte 
JfO4i0«^dUa« It was ovidont t^at ihB positioii of tbo 
^piifroet was vamble ia Arachnoides, and that it wa^ found quite 
lBlial|(i&al, as well as mframarginal, in Monostychia. M^Ooy dgured 
the Internal supporting stmctures of Monostychia in his ^ Prodromua/ 
and it agrees generally with the drawing by Laube, and there are 
no stmctures to be seen near the margin of the test. He considers 
Mimostychia a good genus and retains it. Having had the oppor- 
tunity of examining very much better specimens than those which 
I studied formerly, and having seen a fortunate fracture of a speci- 
men of Monostycliia australis, Laube, I still find myself in the 
difficulty of not being able to agree with my fellow-workers. My 
reading of the nature of the internal part of the tost docs not agree 
at all with that of my predecessors. Put it is necessar}^ that I should 
state that, had I seen the specimen 1 now allude to, I should not 
have placed the specimens in relation with Arachnotdes, The new 
specimens have enabled mo to make out the distribution of the pores 
beyond the potaloid parts of the ambulacra, and to describe the 
nature of the jilating of the actinnl surface, and the nature of the 
plates which enter the peristomial margin. It now appears to mo 
that the allijuicc is with Clypeaster, a notion which, so far as I am 
concerned, dates back to 1 hf>4. 

In the figures published both by Laube and by Prof. M‘Coy no 
internal supporting structures are seen, near the edge of the test. 
This is unlike the structures of all Clyj>t*asters ; l)ut on examining 
the worn edges of several of the tests in the National (^oUection, the 
presence of upright and small needle-shaped pillars became c'videut, 
and this Clypeastroid cliaracter became still more pronounced on 
studying one of the specimens which had been fractured across. In 
the best-prosorv(‘d specimen the appearance of the structures which 
occur between the upper and the actinal parts ot the test within is 
. almost exactly identical with that jireseiited ]>> Chfpeaster sub- 
depressus. Gray, sp. I^he needle-shaped pillars witli different 
diameters are the same in structure as tlioso rci>resented in A. 
Agassiz’s ‘ lievision of the Echini,' lb74, pi. xiii. fig. J 5. The flatness 
of the test is quite equalled in small specimens of Clypeaster folium 
from^Corsica ; and there is no appreciable difteronce in this respect 
between a rather elongated specimen of the Clypeaster and the 
young specimens of MouostyeJtta iji the collection of the Society. 
In both genera the ambulacra are grooved radially on the actinal 
surface, but in the Australian forms the groove is continued defi- 
nitely over the margin, and reaches up close to the actinal system ; 
moreover, the edge of the lest is notched at the ambulacra! margins 
at the place where the grooves arc seen. The groove is not a simple 
depression of the tost along the median lino of the ambulacrum, for 
close to the peristome there is a slight median ridge, which is also 
seen on the little projection which each groove makes into the 
peristome and beyond the rest of its plates. In one specimen, pores 
are seen on either side of the ridge, and connected with it by indis- 
tinct grooves. Beyond the pores, and Just within the int^adial 



sutural edge of the ambulaorai )^ate» is a row of dose a^d a^adl 
granules. The peristomial termination of eadi groove is in two 
terminal ambulao^ plates, which are narrow, and each pair of 
nmbulacral plates is separate from it® neighbours, on either side, by 
a single peristomial interradial plate. The second ambulacral pair of 
plates are larger than the peristomial, and are sutured along the 
median line of the interradia with the neighbouring pair of ambu- 
lacral plates, there being no interradial plate intervening. This 
discontinuity is as in Clypeaster, The second plal os are marked 
with obliquely arranged granules, and are pierced by numerous 
small pores, so that two triangular areas are thus marked, the base 
of each being in contact along the median lino of tlio ambulacrum, 
one side being along the aboral suture of the plate, and the third 
side being along a line drawn from the peristomial end of the median 
suture of the plate across to the aboral and intt'rradial angle of the 
plate. A corresponding ornamentation occurs on the next and some 
other pairs of plates, and is comparable with the peculiar ai)})earance 
•shown by A. Agassiz in his drawing of the actinal surface of Cl y pil- 
aster liaveueUii^ A. Ag. (“ Echini of the Blake Ex])od.,” Mom. Mus. 
Comp. Zool. Harvard, vol. x. No. 1 , 18SB, i)ls. xv. b, xv. r). 

There are very few pores to bo seen in tho groove abactinally, 
and tlie ambulacral plates beyond the petaliferous ])art are crowded 
with minute pores close to the groove, but not far from it. 

The position of the pcriproct is inframurginal and raiely at the 
margin, and there is slight swelling of tho t('st (not so nnich as in 
Laube’s figure) actinally and abactinally along the path of the 
intestine in relation to the posterior intorradium. 

The jaws are not seen in any of tho specimens, hut it appears 
that the low i)erignathic ridge-process is placed, as in Cly pi aster, 
upon the edges of the peristomial ambulacral plates. 

The coronal plates, actinally, arc well marked jiear tho margin of 
the test, and the pctaloid parts of the ambulacra rfisemble those of 
Clyinaster\ hut the iuterradia are greatly diminished in breadth 
near the aiucal system. 

The apical system is small and the madrei)orite is central and 
button-shaped, the four genital pores being immediately external 
to it. There is no posterior genital opening. 

Two young specimens show that the notching of the margin and 
the distinctness of the ahactinal grooves are matters of growth ; and 
it is (|uite pardonable for any naturalist who is aware of the great 
diversity of shape assumed by Olypeastroids in their youth to place 
the young forms out of the genus or subgeiius Nonosfyehia. It is 
evident that while there are some structural resemblances to 
Arachnoides in the actinal part of the test, the principal structural 
characters of physiological importance are all Clypeastroid. 

There are not sufficient data to sei)araie the species from the 
very flat Clypoasters, and I propose to retain Monostychia as a sub- 
genus of Clypeaster. 
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10. Oltpsajbtbb (Monostychia) australis, Laubo, ojp. cU, p, 190. 

AmchnoicUs australis^ Dune, op, dt. p. 48. 

Arachnoides australis^ var. elongatus. Dune. op. cit, p. 48, 
Glypeaster (Mmiostychia) Loveni^ Dune. 

11. Clxpeasteb (Monostychia) Loveni, Dune. op. cit. p. 47. 

It is proposed to omit EcItijiaracJinruftparma from the list, and it 
is necessary to observe that frafpnents of a species of Fihularia and 
of an allied genus are in the collection at the Dritish Museum, 

12. UoniNOTtRTssxrs australis, Dune. ^ 

There is nothing to add to the descri})tion of this species, which 
is closely allied to the recent species of the subgenus diticleoUtes. 
The anal groove is long and pronounced in the Australian species, 
and, moreover, some of the pairs of pores are conjugate and others 
non-conjugate. 

13. Catopygits eleoans, Laube f. 

It will be interesting to know whether this species difiers from 
the Cretaceous species in the same manner as tlio recent Catnpygas 
recetift does. This last-mentioned species has but a single row of 
pores, reaching from the petaloid part of the ambulacra to the 
peristome, and not a row of pairs of pores on (dthor side of tlic 
ambulacra. The position of the periproct is not that of the Cre- 
taceous forms. ISeo A. Agassiz, ‘ llo])ort on Cliallenger ‘Echini,’ 
p. 123. 1 boliiwe that the Tertiary and recent Catopyyi should bo 

placed in a subgenus. 

14. Pyookhynchus Vassaiu, Wright 

15. Echinolampas ovtjlxjh, Laube §. 

This species was very shortly described by Laube and not figured. 
The measurements of the test wei o not given. The pentagonal, ovoid, 
and somewhat rostrated high form and the very broad ambulacra 
distinguish the sj)ecie8 from all others. A specimen in the Uritish 
Museum, Blanford collection, is 57 millim. long, 43 millim. broad, and 
33 millim. high. There is but slight difference between the lengths 
of the poriferous zones and the aiitero-lateral ambulacrum, 20 
millim. long and 8 millim. broad, the posterior one 23 millim. 
long and 95 millim. broad. 

16. Ho TASTER AUSTRALIA, Duuc. op, cit. p. 51, pi. iii, figs. 12 
and 13. 

There is no alteration required in the description of this species 

* Dune. Quart. Joum. Geol. Soc. vol. ixriii. p. 50. 
t Laube, op. cit. p. 190, fig. 7. 
t Dune. op. cit. p. 51. 

I Laube, op. cit p. 191. 
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except in the matter of ornamentation. The ornamentation is of 
small tubercles, crennlated and perforated and surrounded by a plain 
scrobicular area flush with the test ; the scrobicules are separated 
by a very delicate granulation. This ornamentation is largest 
actinally and resembles that of H. suborbicularis^ Agass. The 
shape of the test resembles that of IJ. Perizi^ Sismonda, and the 
very shallow anterior groove is smaller than that of H, siibglohosus. 
The figure of the apical disk is in part incorrect^ and the woodcut 


Apical System o/Holastor australios, Duncan, 



now given should supersede it. This is a true JloJasfer^ and so is 
the sp(‘ci(!s which I wrongly attributed to an abnormal form oillhyn- 
chopygus — li. dysastcrokUsy Dune. 

17. Holaster DjFPiciLis, Duuc. 

llhynchopygus dysaster aides. Dune. op. cH. p. 4f), pi. iii. figs, 
and 10. 

The specimen has been crushed from aliove downwards, but there 
is no doubt in my mind now that the apical system is Holasteroid 
and not Dysasteroid. The ornamentation is ITolastcroid. Other- 
wise the descriptive part of the notice of this species given in the 
communication now under revision is correct, but all the references 
to the affinities on p. oO are erroneous. Doth of the Holasters camo 
from the Upper Coralline beds, Castle Cove, Cape Otway. 

18. Micraster brevistella, Laube, op. cit. p. 192, fig. 7, non 8 ; 
and R. Etheridge, jun., Quart. Journ. Geol. Soo. vol. xxxi. 
p. 448, figs. xi. & xii. 

This species has been fully elaborated by the above-named 
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aathors, and it is especially mentioned here in order to bring it into 
relation with a MicrasUr from the Indian Nummulitic deposits. 

The height and general tumidity of the test and the short ambu- 
lacra separate the Australian form from all the Cretaceous species 
of the well-known genus ; but in these details there is an evident 
alliance with Micraster tumidus^ Dune. & Sladen, from the Khirthar 
or true Nummulitic limestone of Western 8ind (Pal. Ind. ser. xiv. 
pi. iii. p, 189, 1884). This sjjecies, from older Tertiaries than those 
of Australia, has slightly longer and wider ambulacra than the 
other, and in both the evidences of a subanal fasciole are not 
satisfactory. The })Ostei*ior groove loading from the margin to the 
periproct is more decided in the Australian form, and the whole of 
the posterior surface is wider in the Australian form than in the 
Indian. The British Museum sx^ecimen is 50 millim. high, 62 millim. 
long, 51 millim. broad, and it has traces of a subanal fasciole (not a 
lateral one, as stated in the former i)a]>er). 

19. Makistia anomata, Dune. oj>, cit. p. 52, pi. iv. figs. 1-4. 

The abnormality in this species is the presence of a more or less 
discontinuous fasciole just above the ambitus. Since the description 
of the species, A. Agassiz has found a corresponding fasciole in a 
recent species. 

20. Megalaster coMPRKsstrs, Dune. oy>. cit, x^* 6^* 

The species is retained j)rovisionally, for the ornamentation has 
almost all di8ax>[)eared and th(^ x*^>^“'^ibility of its turning out to be 
a Perwi8mv4t is considcTable, as will be understood after reading 
M‘Coy'8 observations on that genus. But it must be admitted that 
the specimen in the British Museum does not show the least trace 
of fascioles, and that tlicro are clear specific distinctions between 
it and any sx^ccies of J\'ric(jsinvs, leaving out the consideration 
of the fascioles. The length of the specimen (E 296, B.M.) is 
5 inches, the width 4*75 inches, h(*ight 2*1 inches. The axucal 
system is more or loss deficient, but the radial x^lates are small, 
obscurely quadrangular and longer than wide ; the tentacular pore 
is very large, the porilerous jdatos of the ambulacra, near the radial 
plates, are small and perforated by pairs of minute foramina ; and in 
the posterior lateral ambulacra, at about the sixth x^la^fcj fbe plates 
dip down into the ambulacral groove. At n little distance from the 
small plates the others become large, low and broad, and the inner 
pore is large and slightly elongate, although, on the whole, circular 
in outline^ and the outer xK^re is very long and most open externally. 
There is no groove between the pores of a pair, and the pairs are 
separated by very distinct and ornamented costae. The anterior 
ambulacral pores are all small and circular and become very distant 
halfway down the very deep and broad groove. The postero- 
lateral petals are slightly wavy, long, narrow, and deep ; they are in 
a narrow depression of the test, so that the poriferous zone does not 
come up to the level of the test^ hut is on the fiank of the depression. 
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The length of these petals is 31 millim., width in the middle 
6 millim., extreme depth of the depression 6 millim. There are 
forty pairs of pores, and the interporiferous area is very equal in 
width throughout, except near the radial plate, and is slightly 
narrower than the poriferous zone. The antero-lateral petals are 
longer than the others (33 millim.), their width is ()-5 millim., 
and thej^ are shallower, 4 millim. The highest part of the test is 
in intorradia 1 and 4, and near the apex, which is excentrio in 
front. The slope is sudden from the apex in front, and gradual 
behind for a short distance, and then there is some, tumidity of the 
posterior interradium. There is no keel there, and the interradium 
is rather narrow on account of the angle made by tho ambulacra 
being 60 degrees. 

The anterior petals diverge at an angle of 120 degrees. The 
posterior truncation is low and broad, and tho periproct is close to 
the upper edge of it and is elliptical transversely. Width of the 
truncation 60 millim., height 35 millim ; height of tho periproct 
11*5 . millim., width 21 millim. There is a slight re-entering 
curve quite at the posterior actinal edge. The actinal surface is 
very flat, and the large, wide, very anteriorly placed mouth has a 
downward projecting labium 22 millim. broad. 

The ornamentation is largest on the flanks of the anterior groove, 
and consists of small perforate mamelons on conical bosses, crenu- 
latod and placed on a level, large, jdain scrobicule, with miliary 
granules on the edges. Elsewhere the tubercles are smaller, and 
there is a small granulation between their more distant scrobicules. 

Locality^ IVlurray Cliffs. This specinxen is sliglitly larger than 
that which was figui*ed in the former communication and which, 
unfortunately, has boon mislaid, 

21. Peiucosmus GiOAs, M‘Coy, Prodr. Pal. Viet. dec. vii. 1882, pis. 64 
& 65, p. 15. 

This huge sjxocies attains the length of 7 indies 6 lines and is 
nearly as broad, the height, however, being only about one half of 
the length. The specimens described by M'’0oy are wonderful, and 
the minute ornamentation, the peripetalous fasciolc clinging to the 
petals and reaching along the anterior one to behind tho deej) notch, 
and the lateral fasciole are very characteristic of the genus. The 
lateral fasciole is, however, more or less discontinuous in the species. 

22. Pericosmus Nelson i, M‘Coy, op, cit. jds. 66 & 67. 

This is another well-marked sjiecies. 

23. pERicosMTJS C 0 MPBE 88 TJS, M‘Coy, op, (it. pis. 67 & 68, p. 21. 

This is a large aud compressed species, and has a very close resem- 
blance in shape to Megalaster compressutSy nob. (Quart. Joum, GeoL 
Soc. 1877, vol. xxxiii. p. 62). Supposing Megalasier compressus to be 
a well-scrubbed fossil, from off which all traces of fasciolos have been 
worn, may it not be a Perico^us, and is it not a worn Perico$mus 
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passage in McCoy’s * Prodromus ’ places palseontologists in a 
considerable difficulty regarding the correct authorship of this 
species. Is it to have the names j)laced after it as above, or ought 
the name of Prof. M‘Coy to stand in their place? It does not 
matter much to whom the naming of the species should be 
accredited, now that the w^hole of the morpholog^^ of the test has 
been published. Put, divesting this subject of all personal feeling 
(and I am glad to say none has ever betm felt by Prof. M‘Coy and 
myself), the question turns upon the old settlement of former 
disputes. Arc AIS. names of species to take priority? It has been 
decided over and over again that MS. names do not take priority of 
those which have been accompanied by comprehensible and i)uh~ 
lished 8i)eeiiic detinitions. This interesting form has quite a 
literature of its own, as may he noticed by reading Mr. 11. .Etheridge, 
jun.'s, elaborate communication to the Wocicty (Quart. Journ. tileol. 
8oc. vol. xxxi. p. 445), and by referring to the essay of which this is 
a revision. Since those i»ages wore written, Prof. M‘Coy has given 
a still more elaborate histoiy of the species. 

The first discovei-er of the JCchiuoid ivas Hturt, the traveller, who 
named a common Urchin, in 1831J, iSj^atamjus Hoffmanni, Goldf. 
The identification was erroneous. 

In Fovhes gave some lectures at the Museum of Practical 

Geology, London, ou Gold, &c,, and they were published. The 
Echinoid was mentioned by him as a Sj)at<tnf/us, without a 
specific name, and an imjierfcct figure was given of it. In 1859 
M‘Coy named tlie specimens in the Mtdbounie Museum, and wrote 
Spatangas Forheni on the tablets, lie did not write or publish any 
description of the species. In Mr. Tenison Woods published 

a drawing of the Echinoid in his ‘ (h'ological Observations in South 
Australia,’ and called it Sfudangns Forhesi. In 1804 1 could not find 
any description of the species, and showed thnt it was a IJ emipatagiis, 
from the nature of the s])ecimens sent to mo by Mr. T. AVoods. I 
described this species, naming it JJemipatagus Forhesi^ Woods & 
Duncau, and had the tjpe drawn (‘•Annals and Magazine of 
Natural Histoiy^’ ser. 8, vol. xiv. p. 105, pi. 0). In I860, 
Laube named the species 11, Forbesi, and jdaced Mr. T. Woods's 
name after it. He had not soon my communication, I iiresume. 
In 1875 Mr. II. Etheridge, jun., advanced the knowledge *of the 
morphology of the test bj’ discovering a subanal fascicle (Quart. 
Journ. Geol. 8oc. vol. xxxi. p. 445) in a form which ho considered 
specifically distinct from IL Forbesi, Woods & Pun can, but which 
must now he considered to be a variety. He recognized the pro- 
priety of associating the names of Mr. T. Woods (who gave me 
such assistance in describing the species that I was hound to con- 
nect him with my work) and myself with Hemipatagtts Fw'besL 
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In 1877 I found the internal fascicle of the test, and completed the 
description of the morphology. But as the species could no longer 
remain as a Jffemipata^us, I placed it within the genus Lovenia, 
and the species became Lovenia Forhesi^ Woods and Duncan (Quart. 
Journ. Geol. Soc. 1877, vol. xxxiii. p. 58). 

In the Prodr. Pal. Victoria, dec. vi. p. 39 (1879), Prof. M‘Coy 
considers that “ I, also, will probabl}’^ prefer to leave it now under 
the old authority,’’ meaning that the species should stand as Lovenia 
Forhesi, M‘Coy, sp. It is, of course, not of much importance 
whoso name is to stand after the species, provided the i^alaoontologist 
who is studying the Australian fauna can be directed to the first 
and most correct specific definition. That given by M‘Coy, in 1879, 
leaves nothing to be desired, nor is that given previously bj?^ me 
otherwise than correct. 

If MS. names on a tablet in a museum arc to bo of greater value 
than careful descriptions and delineations, then the best plan will 
be for the recognizers of now forms sim])ly to name them and 
to leave the description to the chapter of accidents. As a personal 
matter, I would leave the name to ho placed after the specific 
name as Professor M‘Coy wishes ; but it is not in the interest of 
science to do so, and the personal names placed after a species 
must be those of the first writers wh(» first defined the s]>ecie8 
BO that it could be recognized by subsecpient observers. 

M. Pomol (* Theses par A. Pomel, Glass, mt'thod. Ech. viv. ot 
foss.’ Alger, 1883, p. 28) has diagnosed a genus Sarsella, which 
differs from Lovenia^ Dosor, in not having the amjndho visil)]ooii the 
inner surface of the test beneath the sunken R(jrobi('u]es of the 
primary tubercles. Lovenia Forhesi is included by ]St. Pome] in his 
genus. Now the occurrence of these projections, rounded in shape 
and with a depression in them, are in relation with the bases of 
the smaller actinal tubercles as well as Avilh the more im])ortant 
large primaries (A. Agassiz, ‘ llevision,’ ]>!. xxxviii. figs. 28 & 28') ; 
they arise from the thin condition of the test, and the Iiollows are 
the involuted bases of the tubercles, wliilst the swellings are the 
inward projection of the scrobicules. The thicker the test the less 
visible are these characters. They are visible in the recent forms ; 
but unless a fossil Lovenia be so preserved that tlie matrix within 
clears out readily, there is no opportunity of noticing whether this 
particular structure xuevails in the stout tests. In the only instance 
I have had of a form with an unusually delicate test, and which 
was fractured, I saw slight relics of the roundings within. As all 
other characters of i^h^siological value are the same in the recent 
and fossil Lovenica, and as the character relied ui>on by M. Pomel is 
not of primary physiological value, 1 do not consider that he has 
shown the necessity for the introduction of a new genus. Again, 

I am by no means satisfied that Sarsella mauritanica, Pomel, 
described and figured in Cotteau’s ‘ Ech. Eoss. de TAlgdrie, Etage 
Eocene,’ 1885, p. 36, pi. i. figs, 4-8, is a Lovenia without ampullm. 
There is most certainly no internal fascicle present, nor is a sub- 
anal one visible. Cotteau (p. 38) states that M. Pomel has not 
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definitely stated that he has found an internal fasciole in hie 
specimens, and has given no details of any. Cottean does not 
know whether to call M, romeFs typical species a Sarsdlu or a 
Maretm, It is quite apparent, on comparing the figures of 
Maretia ^lamClatn given hy A. Agassiz (‘ Revision/ pi. xix h, fig. 7), 
and Maretia annmala^ nobis (Quart. Jonm. Oeol. Soc. vol. xxxiii. 
pi. iv. fig. 1 ), that M. Cotteau was justified in his doubt, and that if 
a siibanjil fasciole exists, the 8j)ecie8 is really a Maretui', if not, 
the sjx»cics belongs J/emijjatnr/wt (Desor, ‘ Synopsis,’ tab. 44). 

Before periV‘,ct spccdinens of Lovenia Forhesi had been obtained 
>Ir. Tcnison Woods had considered the form under consideration to 
bo a J/fimipatuffuji^ and this genus of Desorbs is characterized bj" the 
tost being small and furnished with large interradial primary 
tubercj(?s, resembling those of f^pntangns^ but absent in the posterior 
interradium, ])y the plastron being in general smooth, as if worn, 
and by having projecting and elongate petals, four genital pores 
and no fasciolca. Yet M. Pomel places Maretia^ Qray, as synony- 
mous with llemipatarpfs (op. cit. p. 2J)). It is perfectly evident that 
Maretia has a subanjil fasciole and often a discontinuous narrow 
lateral fasciole ; this last lias boon noticed by A. Agassiz and myself. 
Maretia according to Cotteau is therefore not llemipatagus accord- 
ing to M. Pomel. 

25. Eurpatanoits itoTUNinrs, Dune. 

Eiipatagus rotundus. Dune. op. cit. p. 53, jd. iii. figs. 14-17. 

The relative dimensions of this species and the want of any 
contraction on either side posteriorly separate it from the other 
forms of the genus from Australia and elsewhere. 

26. Euspatangus Lauhei, Duno. 

Eu^mia/pis Lanhei., Dune. cit. p. 55. 

The classificatoiy^ position of this form is not without doubt, for 
it has the primary tubercles “ environed by the peripetalous fasciole 
small and oven prosent in the iiosterior interradium as in Peripnenstcs. 
In all other respects tlie species is a true Euspatangoid. A similar 
difficulty was met with hy ^Mr. Percy Sladcii and myself in studying 
Euspatangiis avtUana, d'Archiac tSr Haime, and we noticed the 
affinity of tliat species to jUacroj)ne7ji!stes (Pal. Ind. ser. xiv. Foss. 
Echin. W. Sind, pi. iii. ]>. 237). The presence of a subanal 
fasciole was not mentioned by me in my^former communication, and 
now I can add that it is w^cU developed. 

27. EusPATAHaus MURRAYExsis, Laubc. 

Eupatac^us mu/n^apnisis, Laube, op), dt. p. 196, fig. 4. 

This species is very oviform in shape and high behind, and 
differs from the other species very definitely. 

28. Ettspatahofs Wbiquti, Laube, 

Eupatagus Wrighti^ Laube, op, cit, p. 195, fig. 6. 

There is some affinity between Euapaiaiigtts rostratvSf d’Arohiac, 
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and this species, and on the other hand the recont JES/Utpeuanffua 
'VctUndennesi, Agass., is aUicd to Euispatan^ni mxtrrayentiis, 

29. ScHizASTER TENTBicosus, Gray, 1851 , Ann. & Mag. Nat. Hist, 
vol, vii. p. 133. 

A fragment of this recent form is in the Blanford collection in 
the British Museum. 

Liftt of the Species of Axistralian Tertiairy Echhtotdea, 

1. Cidaris (Leiocidaris) aiisIrnJire, Dune. Cape Otway. 

2. ( ), sp., Dune. Baimsdale. 

3. Goniocidaris^ sj). Spines. Cape Otway. 

4. Suh ilia tertiario^ Tato. Aldiiiga, South of Adelaide. 

5. PsctmioecJiinos Laiibc. Jklurray Cliffs. 

6. Ortliolophus lineatns^ Dune., sj'n. Temnevhiims lineatus. Mor- 

dialloc. 

7. ParadoA^echinus novicSy Lauhe. Murray Cliffs. 

8. Chjpeaster folium , Agass., var. elou(fnt(t^T)mic. Geelong. 

9. ffip^xslandicus^ MKloy. Gippsland. 

10. (^MonostpcJiia) australis^ Lau})e, sp. Murray Cliffs. 

11. ( ) Loveni^ Dune. Murray Cliffs. 

12. Echhiohrissiis australirt’y Dune. Capo Otway. 

13. Catopifgxis elepmxe, Laubc. Murray Cliffs. 

14. Pygorhynclius Vaasali, Wright. Eiist of Glonelg. 

15. Echinolatnpas ovulam, Laube. Miirray Clifts. 

16. ITolaster austmlia^, Dune. Castle Cove, Capo Otway, 

17. diffieHiff, Duuc., syn. Ilhynchopygtis dyscisteraides^ Dune. 

Capo Otway. 

18. Micrmter hrevistella, Laube. Murray Clifts. 

19. Maretia anomala. Dune. South of Slicrbrook Kiver. 

20. Megalaster compressus. Dune. Murray Cliffs. 

21. Pericosin us gigaft^ M‘Coy. 

22. Nelsoni, M‘Coy. 

23. coxnpressus, M‘Coy. 

24. Loxfenia Forhesi, Woods & Dune, Mordialloe. 

25. Eiispaiangus rotundus^ Dune. Murray Cliffs. 

26. T^abel^ Dune. North of Shorbrook llivcr. 

27. mxirrdyensls, Laubc. Murray Cliffs. 

28. Laube. Murray Clifts. 

29. Schizaster ventricosus. Gray. Adelaide district ? 

Varieties : — 

Clypeaster {Monostychia) australis, Laubc, var. eloiigata, Dune, 
Lovenia Forhesi, Woods & Duncan, var. Woodsi, 11. Etheridge, jun. 

On studying this list of Australian Tertiary species of Echinoidea, 
it will be ol>served that there is but one species (Schizaster ventri^ 
cosus) which belongs to the recent fauna. It has not an Australian 
habitat, but is found widely in the Pacific area and as far north as 
Japan. Of the nineteen genera found represented in the Tertiaries, 
only seven, possibly, have species in the recent Australian fauna. 
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wliicli numbers (counting three deep-sea forms) at least thirty-one 
genera*. Even such common Australian genera as Salmacis, Amhly” 
p7U%L8te8i Holopneustes^ Breynia^ and Echinocardium are not repre- 
sented in the list of fossil species. In this slight relation to the 
recent fauna the Australian Tertiary Echinoidea resemble the fauna 
of the Tertiaries of Hind, Kach, Kattywar, and the Mekran coast ; 
in both instances the percentage-method of classifying Tertiary 
deposits will fail, and the explanation must refer to the great 
ohanges which occurred along all the coast-lines of that x>art of the 
world at the close of the Pliocene age. 

As a whole, the groui)ing of the genera of the Australian Tertiary 
Echinoidea is a mixture, and it is cliaracterized hy the presence of 
genera which commenced in the Mesozoic ages, of a majority of 
genera which began in the Terldary ages and have lasted on, and of 
a few characteristic Tertiary genera. There are three genera special 
to the fauna. 

But when the genera which began in the Mesozoic age are con- 
sidered, it will he found that four of them are represented by living 
species, for instance Cidaris^ Saleuia^ Echinohn’ssus, and Catopygus. 
Micraster lasted into the Nummulitic of Hind, and the Austrab'an 
species is the latest; and the Holasters arc recognized, only in 
Australia, as Tertiary forms and not early Tertiary. 

The essentially Tertiary species are those of the genera Pygo^ 
rhynehtt$ and Pericosmtts, The genera which arose during the 
Tertiary ages and are stiU represented by species are Echinolampas^ 
Loveiiia^ Empatangu^y Schizaste?', Clypea$tery PsammechinuSy 
and Gontoeidaris, The special genera are OrtholophuHy Paradox- 
eehinuSy and Megalaster, and the first two have very Sindian 
(Eocene) alliances. 

The greatest interest of the fauna is, of course, centered in the 
Holasters, and everj' student of the recent fauna will recognize 
their importance in reference to the nhyssal Echinoidea with 
apotalouB and flush x)airod ambulacra, and which present such a 
curious mixture of antique and very modern structures. But 
instead of allying the abyssal Ananchytyoid-looking forms, classified 
under the genera llomolampa^^ A. Ag., GenicojxrtaguSy A. Ag., 
Cystechimia, A. Ag., and Eredtinus, A. Ag., with the Holasters and 
Ananohytes of the Chalk, it will he necessary to consider them in 
reference to the Holasters of the later Tertiaries of Australia. Just 
as it is now necessary to consider the recent Salenhr as the modified 
descendants of the Tertiary specitjs, so it is obligatory to believe 
that the very degraded and yet in some points very anciently 
struoturod abyssal species of the genera mentioned above are the 
modified and degenerate sma'cssors of Tertiary predecessors. 

There are no species which are common to this Australian fauna and 
that of the Indian Tertiaries, and the alliance with the European 
faunas is slight indeed. The large species of Perirosmtts recall the 
forms from the Javan Tertiary deposits, but the species of the two 
lociditios are not the same. 

* Bamsay, Catal. Echin. Auetr. Mus. pt. i. (1385). 
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No satisfactory information regarding tlie Tertiary Ecliinoidea of 
New Zealand has been obtained since the i>ublication of ZitteTs 
mono?:ra])h, which forms part of the description of the ‘Novara’ 
Expedition (‘ Eoss. ^Nfollusk. ii. Ech. aiis Nen-Seeland,’ Vienna, 18(>4). 
Tliat author gave admirable figures and clear descrii>tions of several 
sjM'cies. KfU'UfolUca p Zitt. (<y). cit. ]>. (52), is said to be 

closidy allied to tlu* recent species of the Xow-Zealaiid seas, 
Xucleollfi'^ mrn.*?, Edw. 

There is no doubt that Ereynius described and delineated the gcinis 
Ecliinohrismis in 17»32, and tliat Lamarck, hi iiig unaware of this fact, 
founded the genus Xtu h olites in LSdl, to receive, unfortunately, not 
only true species of lu'lii twbrissus, Ereynius, l>ut also otlier species 
which L. Agassiz subsequently properly associated with the genera 
Catopipjns and J*pri)ia. In l(S/>8 Eosor endeavoured to separate the 
genera Echhtobrissus and Nudcolife^ (‘SynoiKsis d(‘3 Echinides fossiles,’ 
lip. 257 ct 2(>:0. 

llo moreover introduced Tremdiopypus, d'Orb., as a group of 
Xuclcolitcs^ with an obTuiue jieristome. A. Agassiz, in revising the 
genera of recent Ecliinoidea, had to consider the proper generic title 
of the two recent species, both of -which had been placed under 
Nucleolites by their describors. He retains “ provisionally tho 
separation into two genera,” and remarks that “ from the examination 
of tho scanty material of living species, tho splitting of this genus into 
two sections seems scarcely warranted.” He notices that conjuga- 
tion of tho ambulacral pores, which Hesor w^ould make a generic 
attribute, is seen associated with the opposite condition on tho same 
petal in some gpecios, and that it is of no taxonomic value, Tho 
shape of the peristome he does not consider to be* of much 
importance ; hut he thought that the best plan was to let Eddno- 
brissds rcm.'iin as the genus and to permit XudeoUtes to ho a 
suhgctiiis. It must be conceded that the recent species aro aberrant 
from the genus and the subgenus. Probably future research in 
tho moiqiholog^’ of the recent and fossil species will pormnnontly 
establish tho old genus Ediiaohrissus’, l»rcwuius, and -will absorb 
NiideolUes^ allowing two subgenera to he arranged, so that one 
can receive the species with an ohli(|uc mouth, and tho other 
the species tho ambulacra of which have single extra-petaloid 
pores. It is evident that the Australian species diffiirs from that 
described by Zittel, but it is interesting to find tlio persistence of 
the type through tho Australian and New-Zoaland Tertiiiries to the 
present Australo-New-Zealaud Echinoid fauna. 

ZittePs fine drawing of 1 fcmipatayiis tuhcrciflntnSj Zitt.^, indicates, 
from the separation and incomplete comlition of tho anterior 
Iioriferous zones of the antero-lateral amhulacru, that there was 
once an inU'rnul faseiolc present on this form. 1 have little doubt 
that specimens will be found which will jirovo the species to be a 
hovema^ closely allied to fjovenia Eorhesd Woods & Iluncau. But 
the species described as Ilcmipatagus formoaus^ Zitl.f, appears to bo 

* Zittel, op. cit. p. G3, i>l. atii. fig. 1. t Zittel, op. dt. p. (53. 

Q. J. G. S. No. 171. 2q 
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a true member of that genus. Zittcl noticed the affinities of this 
form with the Hemijyatarfi described by Herklots from the Java 
Tertianes. 

tScliizn^ter rotunda Zitt., is allied to S. vent ricosus, and there- 
fore to the Australian Tertiarj- form which I have noticed. 
Zittcl has also doscrilied a huge lirissus (Brissuf; e.vimius, Zitt.). 
Unfortunately the s])eeies named by all writers on New-Zealand 
fossil Echinoid(^a, 8 ubse(juently to Zittel, are 'without satisfactory 
descriptions. 

Discussion. 

The PuEsiDENT remarked upon the importance of recording the 
nature of faunas from distinct localities, even thoiigh the materials 
at command might be imperfect. 

Mr. Hladen congratulat(‘d the Society upon having brought before 
thorn such a papiu* as that just read. With n'gard to Ch/pr,n.stcr 
and BcJiinanihus he Inid strong conservative viciws. KvhinantJfvs^ 
ho thought, should be confined to Ilreynius's ty]>e. One interesting 
point in connexion with tho ‘ (halhmgc'r ’ researches he would 
notice, namely, tho occurrence in coinparativ'tdy shallow' water in the 
Phili])pinos of forms which elsewhere live in very deep "water, and 
this, he thought, might be found to have a bearing upon oiir views 
as 1 o tho distrihuiion and bathymetrical range of tlu' fossil forms. 

Prof. Duncan expressed a W'isli that Mr. Sladeii "W'ould tell 113 
■W’hnt conservjitism means in this conne\'i(uu In many cases -when 
his previous remarks had been criticized l)y Prof. ]yi‘(!oy his observa- 
tions had been fouinhul ujjon imperfect specimens, although in somo 
insi nnc(’s he could not shelter himsotf under any sncli plea. 

Mr. 8i.\i>kn said (hat in his ojunion Prof. Agassiz Avas in error 
in his a]>plieMiion of the generic tiniu BrhinftHfJins, as tho forms ho 
had roforrod to that genus wore not Ei Jiiaanihi at all. 
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31. On the London Clay and Bagshut Bhds of Aldershot. By 
H. G. Iaons, Ksq., ILE., F.G.S. (Head Ai^ril 27, 1887.) 

A RESIDENCE in Aldershot has furnished mo with facilities h)r 
observing numerous sections and exposures of the Hagshot Beds in 
the immediate neighbourhood of the North and South Camps, which 


^ CD 



appear to me to bear strongly on the questions relating to the 
stratigraphy of the Bagshot area which havo been raised of late. 

2a 2 
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I first propose to discuss one particular section which has been 
very differently interpreted by different observers 

The section is one through Thorn and lledan Hills to the oast of 
South Camp, and, as shown in fig. 1 , is drawn in a direction N. 14° E. 
and S. 14“ W., thus giving nearly the true dip of the beds, which 
dip slightly E. of K. 

Commencing at the North end of the section (which is drawn on 
the scale of 4" to one mile horizontal and 8" to one mile vertical), 
the Pebble-bed, which I take as the line of division between the 
Upper and Middle Bagshot, occurs behind the Commissariat Stores, as 
described by Mr. Monckton {loe, cit. p. 410). 

This bed of rolled bla(3k flint-jiebbles can be traced round the east 
slope of the hill past the Magazine and the Cemetery, at each of 
which places it can be seen in situ^ to the brow of the hill on which 
the Cambridge Hospital stands. Here the bed has rather thinned 
and the pebbles are imbedded in a more clayey bed than at the 
Commissariat Stores. 

Walking down the road leading from the eastern end of the 
Hospital enclosure to the Field Stores in the valley below, wo 
start from the pebble-bed at the top and pass over the outcrop of 
the diffident beds of the Middle Bagshot, and then of some of the 
Lower Bagshot. 

^'hc upper ])ort ions of t he Middlo-Bagshot beds are at first sandy, 
as wo sec in nearly all the wcU-seetiona in the neighbourhood, but 
lower down t h(\v become stiff and clayey, till at the foot of the hill the 
sandy I^ower Bagshots come in. Behind the Field Stores 20 ft. of 
white, false-b(Mlded liOwer-Bagshot sand appear in a sand-pit ; and 
as we ascend the slope of Bcdan Hill, wliorc'vcr rifle-jnts or shelter- 
trenches furnish us with sections, yellowish sands of the Lower 
Bagshot; arc seen. 

A shelter-trench made last summer furnishes a good section of 
the up])er third of Bedan Hill, and in it we find I'xposcd, first tho 
yellowish sands of the Lower Bagshot, then chiy(‘y hods similar to 
those passed over in descending the opposi>'> slojie of Thorn Hill. 
These clay-beds extend to the to]> of Bedan Hill till overlain by the 
gravel cajiping above them •, and I take them to bo the lower beds of 
the IMiddlo Bagshot, which have been raisc'd to this height by tho 
northerlj" dip of all the Tertiary hods. I will show iiresently* that 
this is sufficient to do so. 

On the south side of lledan Hill these clay-heds are almost 
wanting, being only seen <juite at tho to]i of the railway-cutting, 
where they are brought out by the northerly dip of the beds. The 
pehble-bcd described by Mr. Irving as occurring in the railway- 
cutting south of lledan Hill appeared to bo a few scattered pebbles 
occurring at a j>articiilar horizon in the Ix>wer Bagshot. Thus 
there should bo no anticlinal between Thorn Hill and lledan Hill as 
shown hy Mr. Irving : and the section as drawn bj’ Messrs. Monckton 
and Horries in their paper (Quart. Journ. Geol. Soc. vol. xlii. 
p. 412) requires some altoratiou. 

* Hev. A. Irving, Quart. Joum. Geol. Soc. vol. xli, p. 502 ; and Messrs. 
Monckton and Herries, Quart. Joum. Geol. Soc, vol. xlii, p. 410. 
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Mr. Irviug in his paper refers to the green sands of the Middle 
Ilagsbot as occurring at the toot of the northern slope of Cassar’s 
Camp at an altitude' of 350 feet. This is 50 feet higher than tho 
top of the Middle liagshots, as he shows them by his pebble-bed in 
the railway-cutting. To produce this a synclinal liexure is neces- 
sary having its axis in Aldershot town, of which have no proof. 
As in fact these green sands are at an altitude of 450 feet, a still 
sharper bend must be supposed if we admit the Thorn- lledan Hill 
anticlinal. 

Again, tho green sand in situ occurs at from 500 to 550 feet in 
Cicsar’s Camp and Hungry Hill ; and this, coupled with the fact that 
tho Middle- Bagshot beds can be traced from the Canal across the 
Long Valley up into the flanks of Ca'sar s Camp, points to a regular 
northerly dip. 

Kow, turning to the same section as dniwn by ^fossrs. Mouckton 
and Herries, wo And that, too, to bo sliglilh* misleading, though they 
indeed show the persistent northerly dip of all the beds wJiich, I 
have shown, is most probable. The difl'oixaice in level shown 
between Tliorn Hill and Redan Hill is the cause of this ; for, aa 
Thorn Hill is 100 feet above the valley, one would assume from tlio 
section that- Redan Hill was 30 feet below the opposite hill, whereas 
it is in reality but one foot below it. Again, from the figuring and 
description of the section, I undersOind that the authors consider 
the pebble-bed to represent the Middle Jlagsliot, and refer all below 
it to the sjuids of the Lower Bagshot, omitting the Middle Bagshot 
clays which occur below the pebble-bed in Tiiorn Hill in tl'.o well- 
borings and all the surfuco-scctioiis about, and cap Redan Hill below 
the gravel. 

I will now sliortly show bow the s(‘ction in fig. 1 was drawn 
from the evidence brought forward. 

The form of the ground having been plotted from ilio b" Ordnance 
iSurvej' map of 18^2, the pehble-bcd was jmt in as follows : — Below 
the point marked 302 feet, whieli is the Time-gun, tin; bed is 
exposed at 3U0 foot by tlie Magazine, a point at riglil- angli’s to the 
line of section and lOO yards distant, in an ex])osure by the (Jemidery, 
and one on the pathway below the Mortuary Cliajiel ; and from tlieso 
three points, lietwia'ii which the bed can be traced couliniiousl^^, the 
line of division between tbo C])per and 31i(Jdl(^ Bagsbots is drawn, 

Tho thickness of the Middle Bagshot is given by the wt.'ll-sectiou 
quoted oil p. 434, and by the outcrop of clay-beds mi thi^ two bill- 
slopes from wliicli it was plotted, and found to coincide with tbo 
well-section. The London Clay 1 believe to croj) out as sliown, as 
there are two ponds of water lying in this liolluw, and the clay is 
show'n in the bricklield on the hill above, where it is ovcnlain by a 
few feet of Lower Bagshot loam. This also coincides Muth the well- 
section. In this section it. will be seen that I agrees with tho Survey 
mapiiing, except that I take the top of Redan Hill to be 3Iiddlo 
Bagshot, having the whole thickness of the Ijowor Jtagslu>t beneath 
it. Tho Cambridge Hospital and South Camp are shown in elevation, 
with the pebblc-bcd forming the surface of the ground. 
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Section of Well at D Lincs^ South Camp, Aldershot, 

(Surface 340^ above O.T)., formed l:)y the pebble-bed at the 
top of tbc Middle Bagsliot.) 


Middle 
JJui'Hllot, ■< 
na feet. 


( 


bower j 
lloleet. 


No. 

Description. 

Thicknos.s. 
ft. in. 

Total depth, 
ft. in. 

1. 

Yr'IloW loHTll 

ir> 

0 

ir> 

0 

2. 

C4i cen BJiod 

12 

0 

28 

0 

li. 

<jrrcy Hiuid 

1(1 

0 

;i8 

0 

4. 

Mixotl grocii saiul 

(> 

0 

44 

0 


Dark f?rocu bsukI 

1 

0 

40 

0 

(*,. 

Illiiti clay, Hl.rcaky 

.4 

o 

4‘) 

0 

7. 

llluc clay 

4 

() 

• >#J 

o 

8. 

lUack sand 

ir, 

0 

OS 

o 

1). 

Blue clay 

7 

0 

7r> 

0 

10. 

nine clay 

Hi 

o 

SS 

o 

11. 

Mixed sand 

20 

o 

108 

0 

12. 

Jle<l of sUme 

I 

() 

114 

0 

i;t. 

Mix('<l sand 

! 1 

1) 

nr. 

0 

It. 

.Mixed sand and clay ... 

8 

() 

120 

o 

1 

I'll a* «*lay 

0 

() 

121) 

0 

10. 

A'ellow clay 

1 

o 

i:io 

o 

17. 

Sandy roelc 

.0 

o 

lor. 

o 

IX. 

Alixcd sand 

1 

() 

1 00 

0 

It). 

nine clay 

1 

0 

107 

0 

20. 

(5reen .shikI 

:> 

o 

112 

0 

21. 

hed sand 

1 

() 

1 10 

0 

*>•> 

.Mixed sand 

r> 

o 

1 18 

0 

2:v 

liinbt sjiud 

2 

I) 

l.'>0 

0 

24. 

nine elav 

4 

0 

i:>4 

o 

2.*» . 

Mixed ,,clay 

2 

0 

loo 

o 

20. 

Mixed aiui 

('» 

1) 

102 

o 

27. 

Mi veil i'lay ami sanil ... 

0 

0 

lo;. 

o 

2S. 


'» 

0 

lOS 

0 


Tlie rest is blue el.iy of tin* Loiidou (*biy lo r>0o foot 4 inebes, \vhero 
sand 'WJis met with, and a Hu[»ply of walt'r obtaiiu'd risiiij^ to 48 feet 
(J inches f join the surfaia*. In tin* Iiondt>n (^lay, the following? layers 
were passed Uirouj^h at (le]>lhs from the surface as follows : — 


ft,. 

A Inver of stone at P,)2 

,, pobhlos at 21)7 

,, > <‘llo\v stoiu* at 241) 

„ pebbles at 


In this well-section the jiassaj^e of Lower Basrshot into London 
(4uy is remarkable, and is very siinihir to that shown at Ilrookwood. 
The thick development of claj' in tho l..ower liagshot at beds i) and 
10 in tho well-section would seem to furnish a case of a thick 
lenticular patch of clay in sandy strata similar to that described by 
Air. Hudlestou at Walton, as no such thickn(*ss of clay is found to 
occur in any surface-sections of the Lower Ikiirshot round about. 

Coming? to the instances of, and arg^uments for, overlap of tho 
Upper bods and erosion of the T.ondon Clay which Air. Irving has 
jmt forward, I cannot say that 1 have been able to make his con- 
clusions agree with the facts which I have collected in this immediate 
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neighbourhood. I will commence with the section at Ash Station, 
which he has described lately (Proc. OcoL Assoc, vol. ix. no. G, 
May 1886). 

As will be seen from fig. 2, we have a spur of the Fox Hills 
Fig. 2 . — Section from Gravel-pit Hill to Aiili Green^ S. IF. 11. 



, 1 Horizontal, 4 in, iu 1 mile. Dip to if ntr nt S. eml. 

^ \ Verli<]!ul, 8 in. t.o 1 mile. 

a. Gravel capping. L. 0. London Clay. 

h. l'])nor liagfHliot. W. & K. Woolwich uml Tb^uling Bods, 

r. Alid.ll.* ^ag^h<it. Cli. Chalk. 

d. Jjower Bagshot. jk Pebble-bed. 

consisting (omitting the gravel capjnng) of Uppcr-ltagshot sand of 
tile normal type till we come to the lower shouldiT of the spur, 
which is ca])iKMl by the rounded black flint pebbles in great numbers, 
marking the junction of Upper and Middle Bagshot. In a gravel-pit 
near Ash Vale they occur iu a bod of dark gre<‘n sandy clay, and, 
indeed, may be traced for a considerable distance round the foot of 
Ihe ea.stern slope of the Fox Hills towards Brookwood. In the iano 
close by the clay of the Middle Bagshot is seen, and again in the 
brickfield on tbe way to Normandy. 

Then, at Ash Station, we have the section given by Mr. Irving: — 

fl. 

1. Yellow and huff-eoloured sand, wifh occasional iron-«i<mo 4S 


*2. Dark-grey, blackish, laminated clny 7 to 8 

g. Dirty greenish sand 5 to b 

4, London Clay (blue clay), pierced to 15 


76 ft. 

Comparing this with the wcll-section on jiagc 434, and taking into 
£ic(K)unt the sand, j)resumably Lower Bagshot, at East-Wj ke Farm, 


.Gravel-pit Hill, 
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half a mile east, described by Messrs. Monckton and Hcrrics * as 
occurring beneath the clay-beds of the Middle liagshots, which I have 
mentioned above, the arguments already put forward for conform - 
ability and constant northerly dip of the beds, and the regular 
succession of the beds in the Long Valley, 1 consider tlto Ash-8tation 
Well to show the basement beds of the Lower Bagshot of a character 
very similar to those in the Brookwood and South-Camp deep borings. 
Moreover, the London Clay croj)s out J200 feet south on the road 
leading to the South-Western Station at the same level as tlie Station. 
This gives a slojje to the north of 01 feet (the thickness of the 
Bagshot strata) in 1200 feet, or about 1 in 20, which would give 
2° 52', whicli dip corresponds well with that measured b}" Mr. 
Monckton at East-Wyko Farm (Quart. Journ. Gool. Soc. vol. xlii.). 

Also, at the South-Western Ash-Green Station, a deep well-boring 
(Surv. Mem. vol. iv. p. 537) gives London Clay and Beading beds as 
370 feet thick. Deducting 80 feet for the Beading beds, we have 
290 feet as the thickness of London Clay, 1500 feet from the outcrop, 
and a slope of 1 in 20, which wo have just found above for the over- 
lying Bagshot strata, gives a thickness of 75 feet to be added. A 
further deduction of the difference in level between the well, 290 feet, 
and the outcroj) 255 feet above O.I)., viz. 35 foot, is also required; 
and thus we liuvo aibickiiess of 330 feet for the London Clay, which 
is about the same as that in the South-Camp boring and iji the 
Ald('rslH)t Watt’rworks, as will he shown again later. 1 thenfforo 
consid(a‘ that there can hav<' been but litilo erosion of the London 
Clay at tliis ])()int hel’oro the dept)sition of the Bagr'hot beds. 

In describing the well-section at Ash Station, S.IC. Bailway, 
Air. Irving (I‘roc. Geol. Assoc. 7or. r/V.) says, ‘‘Hei’o we are about the 
level of the s«mthern end of the Fox Hills, which consist of un- 
doubted U])j)er-liag.shot sands.” This would account fur his drawing 
the Bagshot beds horizontal in tlie woodcut there giv(‘U ; but as the 
well-mouth is over (»() feet below the outeru]> of the Ljq)er-Bagshot 
sands, in order to bring tliem into <he well-section a downward slope 
of 108 feet in 18(M) foc't must he allow I, since to the (50 feet given 
above the 4S of yellow sand, called Cpper Bugsliot in the section, 
must 1)0 added. This gives a .slo])e of about I in 17 to the south; 
and by tlio Avell-section and the point oi‘ outcroj) of the London C^lay, 
we get a sloj)e of about 3\ or, say, 1 in 20 iioriU for that formation. 
Of this Bagshot anticlinal, which is not shared in apparently by the 
London Clay, I maintain avo haAc no suflieieut evidence ; and 1 ha\c 
already’- aTgued against one at Thorn Hill, and shall do so again 
when describing the section across Aldershot ToAAm. Moreover, the 
anticlinal here would bring in Aliddle-Bagsliot beds and Uppor- 
Bagshot sands OA'erlying tliem, dipj)ing 4^ south, just about Avhore 
Messrs, Aloucktou and llerries baAre descri\)ed LoAver-Bagsbot sands 
unclerhfhuf Aliddle-Bagshot basal clays, and dii)j)iiig about 3° north. 
This apj)ear8 to iiio conclusiA e. 

1 ha \’0 quite lately obtained (through the kindness of General 
Hammersley, of Asb Grange) some details of a deep well in the Loudon 


* Quart. Journ, Geol. Soc. toL xlii. p. 413. 
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Clay at his house, which is about halfway between the Ash Stations on 
the' South “Eastern llailway and South-'W’estern Kailway, and is situ- 
ated just by the outcrop of the London Clay. The well was doei>oned 
to about 300 feet in 18(»4, before the South-AVestcru Kailway 
Company bored the one close by, which later boring considerably 
reduced the supply of water in the Ash-Orange well. Thus it seems 
that the well draws its water from the bjise of the London Clay, or 
from the Woolwich and Keading beds ; and restoring what erosion has 
removed, we get a thickness of 320 feet, if the bottom of tho well 
is the base of tho London Clay. 

The south slopes of the extremity of tho Fox Hills, near Ash, give 
a very good section of tho Upper- and Middle-Bagshot beds. Com- 
mencing at Ash Vale, we have the x>ebble“bed, about 2 feet thick in 
a dark green clayey sand, x>ai‘tly in situ and i)artly reconstructed. 
The pebbles show considerable current-action, having their longer 
axes inclined at about 70°. This bed may be traced continuously 
round the foot of the hills, and occurs crop])iiig out on tho hill-sloiio 
about tho brickfield referred to hy^klossrs. Afonckton and llerrios in 
their account of tho WykO“I.ane section. Here, below' tbo i)ebblcs, 
are sandy beds which furnish with w'ater the sj)rings w'hich aro 
thrown out by the clays at the base of the Middle-Bagshot beds. 

Tho next section J propose to discuss is one across the valley, 
between Aldershot Town and the lk)rmai)eiit Barracks, and con- 
tinued on to the xVldorshot Waterworks (hg. 3). 

The section begins on the toj) of the hill overlooking South 
Camp, and as this i)oint is not 300 yards east of llu^ doei»-horing at 
I) Lines, described above, 1 have felt myself justified in idotting 
the thickness of bods given there at this cud of tho section. The 
base of the Aliddlo Bagshot crops out as a clay-hed, at about the 
320-feet contour on this lino of section ; and again some KMJ yards 
to the west it is exposed under Ked Hill at tho same lovtl. This is 
slightly below tho spot w’hcro Air. Jilake is mentioned by IMr. 
Irving as finding a “ sandy bed containing numerous green grains ” 
(Troc. Gcol. Assoc, vol. ix. No. 0). Tliis bt^d 1 also saw in 
November last, w'lien tliis section was opened u]) by a drain from tho 
beginning of the section to the top of the liill marked 340 (tig. 3j. 
All along this drain tlie same yellow and huff-colourc'd sand was 
exx>osed, as soon as the Middle-Bagshot Ix'ds Inul been loft on the 
north side of the valley ; and a glance at the section will show that 
this drain w'as cut in tlie same jmrlion of tlie Lower-Bagsliot strata, 
owing to the corresponding diji of the beds and slope of tlie ground. 

These liOWcr-Bagshot beds croj) out on the south sloxie of tho hill 
beliind the brickyard hj* Aldershot Station, iind are exposed in a 
sand-pit at the foi) of the hill near the reservoir, as mentioned by 
Mr. Moiickton in a footnote to bis last j>a2>er. 

The di]» which I liavo draw n, viz. 2.J ' North, was obtained by 
several means. First, it can bo measured at tho to]) of the hill at 
the noi*th end of the section, as stated by Mr. Irving (Quart. Journ. 
Geol. Soc. vol. xli. xi. oOJ), wdierc he describes it as 2 north ; the 
lines joining the points of outcrop of the Bagshot strata with 
corresjjonding x>oiwts in the fsouth-Camp w^eli give the same, os 
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also does that joining the base of the London Clay, as given in this 
well, and the base, as proved in the Aldershot- Waterworks boring. 
In Proc. Geol. Assoc, loc. dt.^ Mr. Irving refers to the occurrence 
of the green bed of the Middle Bagshot at the foot of the northern 



oscarj>mont of Coesar’s Camp at an altitude agreeing with that of 
the bods at Aldershot ; and in Quart. Journ. Geol. Hoc. xli. p. 5Ul he 
describes the same section, presumably as green sands in the ride- 
butts, at the height of 350 feet. This must be an error, as the 
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butts are at 450 feet ; and this gives 100 feet above the liill hy the 
Aldershot brickyard, shown in the section (fig. 3), which is capped 
on the line of the section by some 15 or 20 feet of Ijower-llagshot 
beds. This 100 feet would bring us into the lower beds of the 
Middle Bagshot in their natural position, and this disposes of 
anything unusual in their occurrence at Caesar's Camp. 

Coming now to the London Clay in this section, I have already 
shown how the base of the claj', as ])roved in the South-Camp and 
Alder shot-AVaterworks borings, agrees with botli the proved and 
measured dip of the Bagshot Beds; I will now show that the 
thickness of the London Clay at the latter place is about the same 
as that at the South- Camp boring, and at Ash, as I have given it 
above. This I shall do, since Mr. Irving (Quart. Journ. Geol. Soc. 
vol. xli. p. 507), in his ‘‘General Conclusions,*' No. iUi^ points to 
this as a section proving groat erosion of the London Clay before 
the deposition of the Bagshots. Two borings at the Aiderahot 
Waterworks penetrated the Loudon Cbiy L32 and 134 feet respec- 
tively. I will take a moan of 133 feet. The mouth of the well is 
at 250 feet 0.1)., and the outcrop of the London Clay is at an 
altitude of about 340 feet, and is 730 yds. N. Now 730 yds. and 
a dip of 2|“ N. gives a rise of 1 10 feet ; so we have a total thieknesss 
of (]33-f-00-|-110)=333 feet, which agrees with the deep boring 
at South Camp (332 feet), and with the thickness at the South- 
Western Railway Station at Ash (330 feet). 

There are two more well-sections which should bo mentioned in 
connexion with this area, namtdy tlioso given in (icol. Surv. Mem. 
pp. 445 and 440, as at Aldershot Place. (This I think must be 
meant for Aldershot Bark, as it is called on the 0-iuch Survey maps, 
Aldershot Place b(iing called there “Manor 1 louse.*’ The descrip- 
tions of the positions and altitudes of the wells agree well with 
spots in Aldershot Park, but cannot he reconciled with any ])art of 
the Manor-House grounds.) When the depths of London Clay 
found in these borings, namely 151 feet in one and 0f» feet in iho 
other, are ]jlotted in connexion with the thickness of I^ondon Clay 
found at the 1) Lines, South-Camp well, they are found to give a 
dip of between 2J^^ and 3° to the N., and a thickness of 330 feet. 

Thus 'vve get a tliickness of Loudon Clay e([ual to that at Aider- 
shot AVaterworks, South Camp, and Ash, and a di]» of the strata 
intermediate in amount between Akhu’shot and Ash, between which 
tw o places Aldershot Park occupies a nt'arly central i>osition. The 
Reading Beds W'ith 70 feet arc also of about tho usual tliickness. 

Coming now to Ciesar’s Camp and the Long Valley, there is but 
little of importance besides the occurrence of the green sands at 
altitudes of from 500 to 550 feet and even higher. The Middle- 
Bagshot beds can ho traced all across the valley, overlain occasionally 
by Upper-Bagshot sands, with their uppermost limit marked hero 
and there by the pebble-bed. 

So far, each section has been discussed to see to what extent it hears 
out the hypothesis of a constant northerly dip of tho beds. I will 
now shortly describe a section taken from North to South, across the 
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Long y alloy by the Farnborough and Farnham Road. In thia 
section we get the high ground at the south instead of the north 
end of the Bcction, which is more convenient for our present purpose. 

On the tops of the ridges north of the lied Church, near the 
Permanent liarracks, tho ])eb])lo-hcd occurs at the top of the Middle 
Bagsliot ; and a scar])ed faco of one of these ridges nearest to the 
Hcd Church shows a section of the base of tho green clayey sands 
and the to]> of the clay-hcds which form tlio haso of the Middle 
scricH. Here, wlien freslily cut, a dip of about 2^' north was shown. 
Going south, Lower- li:ig>.hol sands wen? shown in a small excavation 
by the (iucen’s I'avilion, and again in a sand-pit l)ehind the Lock 
Hospital, where thcit; are about 20 feet of brown and buff falso- 
bed(!ed sands, and scams of pipc-clay are seen, liaving a dip of 
north. 

Furlle'r on, at Wind}' G.ij>, on nnngry Hill, the same sands are 
soon, wliile the London (day is dug in a small brickyard at the foot 
of the liill to th(‘ east. 

llinigry Hill iisdf is cu]>ped by a ecmsiderable tliiekness of gravel, 
and below it snuiU sjnings are thrown (uit in wed weather, I 
think by part, of the clay-beds wbieh form tho base of tho Middle 
Bagsliol. 

GuiU' lately, a well (>2 feet, deej) has btam sunk at the Inn on tljo 
Farnham Uoad by Hungry Hill, and reaelnd clay havijig all the 
charaeti'vs of the lo]i of th<‘ London Clay, having j).'issed tlirongli 
butY and brown loamy and sandy betls. Tliert^ are 1 leet of water 
in it. 

Jn extending thc' drains above tb<' Ileservoirs in l>(mrley Jiottoin, 
a bed of gre«‘n cluNcy sand was cut into, oveilain by a brown 
loamy clay. This gre('n bed is tbo oiu' which furnislies all the 
springs wbieb till the Ib sta voirs, and is, I think, the middle bed of the 
Middle Lagsliots, which supjdios m arly all tlie wells in and about 
Aldersliot. The ])oint, when* it was (‘X])osed m as between otJO and 
670 feet above O.D., under C;esar’s Camp and Bricksbury Hill. 

The sand is dark gr<‘on when tn\st. dug out , but becomes light on 
exposurt! to the atmosphere. 

From these considerations I think that tbo London Clay and 
Bagshot l)eds at Aldersliot have a eonstant northerly dip, and that 
the Bagshot beds lie couformahly on the older beds, which have at 
this ])oint an average thickness of BBo feet. 

In coiiclusioii I will hrii-tly rceapitulato the points I have drawn 
attention to in this papm-, ami tludr hearing on the stratigraphy of 
the district. 

Commencing with the London Clay, I have shown that wherever 
we can tlx the lop or base of this formation, we get a dip to tho 
north of from 2.[° to B ; an<l that this dip, if we restore the portions 
which have boon renmvod by suhaerial erosion, gives us a fairly 
constant thickness of from 3B0 to 3-10 feet. In the table below are 
given the thicknesses of the London Olay at several places in and 
near Aldershot ; and wherever I have restored what has been eroded 
away, 1 have shown it in this table. The authorities for each 
section are also given. 
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London Clay. 


Locality of Wtdl. 

Bagshot 

Beds. 

Thickness in 

eet. 

Authority. 



B(>i*ed 

through. 

Restoroil. 

Total. 


Dt>giners»ficld Park 

1 40 

‘JT'i 


oor.j / 

Geol. 8urv. Mem. vol. 

(SVar Odibain) ... 



iv. p. 4 I(i. 

D Linos, South 
Camp, Aldershot . . . 

} 108 


... 

332 

This paper. 

Aldersljot Water- 

1 

10 .4 ^ 


3, 34 j 


works, No. 1 

/ - 

1 

]\fS. letter of Afr. 



1 

2(M) 1 

( 1 AVIiitakir, Dec. 1884. 

Ditto, No. 2 


i;t2 1 

1 

332 ' 


Alilersliot Park, 

No. 1 

1 ... 

155 

175 

1 

Qi'ol. Siirv. Mem. vol. 
iv. p. 4 15, 


i 




Ditto, No. 2 

.. 

1 72 

2(»0 


Ihid. p. 4 l(). 

Oeol. Surv. Mem. rol. 
iv, p. 537. 

Ash-Oreen St-ation,l 
S.W.R 

} ■■ 

! 2tK) 

! 40 S 

1 

.330 1 

Ash Grange (Gen. 

1 ■■■ { 


! i 

320 1 

3'hi8 paper. 

Ilaininersley’sj ... 

1 

(about) 

I 

(about,) 1 

1 

1 

1 


1 i 

j 

f 

Rev. A. Irving, Oeol. 

brook wood ' 

' \70\ 

371 ! 

1 


:’»7i 1 

Af.ig. de<\ iii. vol. ii. 
]). 353. 


1 

1 


Thus wo get Ji fairly eoiistant thiclvTiess of tlin J^ondori (Jlay from 
Odihara on Iho west, to Ash on the east, wlien it thick(‘ns to the 
east at Ikookwood. 

Moreover, besides the passage from tlio T.ondon Olay up into the 
llagshot beds, at the Weilington-College W(01 (itov. A. Trving, 
(iuart. Journ. Geol. Soc. xli. ]>. otKi), similar passages are, shown in 
the llrookwood well and in the one at I> lafu^s, South Camp, Aider- 
shot ; so at these j)oints there can have been no great erosion or 
great unconfonnability. The overlying Hagshot Beds too, as I have 
endeavoured to show, lie conformably on the London Clay and on 
one another so far as Aldei-shot is concerned; and the exposure of 
the Lower London Tertiaries to denuding agencies in Bagshot times 
cannot have been so near the Bagshot area as Aldershot. 

Discussion. 

The President congratulated the Society on the acquisition *of a 
recruit whose carefully plotted sections did credit to his training as 
an officer of the Royal Engineers. 

Mr. Irving observed that the Author had the advantage of being 
stationed at Aldershot, and expressed a hope that this was merely 
an earnest of future work on the part of one in whom lie could not 
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fail to take an interest. In consequence of the overwhelming evi- 
dence obtained by Lieut. Lyons he accepted his conclusions and gave 
up his own hypothesis with respect to the section on Itcdan Hill &c. 
He had verified !Mr. Lyons’s reading of tliat section, and ol>sorved that 
the clays of the Middle Bagshots constituted the most persistent hori- 
zon. WIhu'o there is a full normal doveloj)mcnt of Jjondon Clay wo 
have a ])assage into the Lower Bagshots. Ho was not (fuito prepared 
to accept the calculation of B-tO feet from the thickness of the London 
Clay at tlio Aldershot waterworks. He regretted that we seem no 
further advanced as to the age of the Ivingselere axis. 

Mr. WiiiTAKEit complimented IVlr. Ining on having frankly ac- 
knf)w]odg(id liis error when it was shown that ho had been mistaken. 
It would, ho weaver, be a gratification to him fhat the correction had 
come from a former pu])il. It was scarcely to })e (expected that 
pebhle-b(‘ds should be ]>ersistent over any area ; })ijt it was often a 
matter of sur])riso how certain thin beds occurred for long dis- 
tjuices. He always felt under obligations t.o those who would 
correct errors of detail, and hoped that this hint might not be lost 
upon other otliccrs. 

MuNCieniN expressed his obligations to Mr. Lyons, whoso 
paper, ill the main, continued the work of Mr. Ilerries and himself. 
One of ilufir endiiavours had been to ascertain if there existed 
reliable ])liyHical ditfercncos between the Upper and Lower Bagshots. 
In this he considered that they had been successful. The Lower 
Bagshots are characteriz(‘d by the ^iresonce of beds or layers of 
]np<*clay, by almndanci* of false-bedding, and an absence of shells ; 
in the l^ppt'r llagshots Uu're. is no false-bedding, an absenee of pipo- 
claj*, and usuidly casts of shells. Ap])lyiiig Ibesi' tests to tho 
Thorn-Hill — Uedau-IHU seetion, the results were the same as those 
arrived at from a surveyor's juiint of view. This work had been 
admirably done. The elay at the top of Kedari Hill had not before 
been noticed. 

Mr. Hituleston remarked that, since there was no opposition to 
Mr. Ijj'ons's reading of tho district, it was unnecessary to say any- 
thing more in corroboration of a most excellent and original pa]>er. 

Mr. Heruies justified tho account of tho Thorn-Hill section given 
by himself and Mr. Monckt.on, and observed tluit tho clay on Redan 
Hill was not exposed at tho time their ])a]H'r was written. Ho 
had found U]>per-Bagshot fossils in Beacon Hill, and also in abun- 
dance on the stwple-tduisc coni-se in the large outlier to the north, 
thus confirming the Survey mapping. 

Mr. Lyons, in re]>ly, cordially acknowledged the advantages ho 
had derived from Mr. Irving’s training. Referring to the thick- 
ness of the London Cday at the Aldershot waterworks, ho showed in 
detail how the thickness of B30 feet was obtained, and argTied for 
tho correctness of his e.stimate. Tho extent of the Pebble-bed 
was most remarkable, and tho Geological Survey majqiing was good, 
although the boundaries might require to he altered a little. As 
regards the passage-beds in the well-section, he did not speak with 
certainty. 
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32. Supplementary Note on the AValton -Common Section. By W. 
H. Hxtdleston, Esq., M.A., F.ll.S., Scc.G.S. (Hoad Ai>ril 27, 
1887.) 

1. Kecapit ulation of some points in ilio previous paper. 

2. Continuation seel ion. 

3. Composition of No. 4 Bjigshots. 

4. Remainder of the cutting. 

The Brick-eart h of Hatch. 

(». Its probable Geologicjil Position. 

7. Conclusion. 

There seems to he so much niiccrlainty as fo the character of Uio 
hasal beds of the Lower Bagshot.s in tin? London Jiasin that any 
opportunity whicli aflbrds us unmistakable evidence of Hieir retil 
miture should be seized without delay. A\'e liavc* liiid so mucli 
theorizing, based ujion tlic evddmice of well-sectdons and of limited 
exposures, that we turn with jdeasure to a good continuous section 
like tho one which has lately betm disclosed liel ween AValion and 
AN'eybridge on tho London and Soulh-W(‘st('in Hailway. Tlio main 
features of the Lower Bagshot s(*ries in tliis section, at its actual 
junction with the London Clay, wore very fully described by me in 
a communication made to the Societj’ last year. AVhether wo 
regard tho junction there shoAvn as evidence of a,n unconformity or 
otherwise, tho fact of a complete lithological change is patent to all. 

1. HeCAPITULATiON of S03IE I’olNTS IN TUK PltEVIOUS PAPEK. 

Hosting immediately upon the grey-coloured and sticky I^ondon 
Clay, distinguished by its tine and jicrfectly regular bedding, is a 
sharp yellow sand full of currimt-licdding. This j’ollow sand 1 
dubbed “ No. 1 Bagshots.” Then follows tho first clay scries, 
which I called No. 2, or the “ Blue Bagshots.” It is surmounted 
by a second sandy series, referred to in my jirevious paper as “ No. 3 
ll'igshots.’’ As far as the now cutting for the widening of the lino 
bad then progressed, there was no reason to suppose that No. 3 was 
succeeded by a second clay series, bejond the fact that the line is 
rather wet thereabouts. For some reason the contractor left this 
piece iinexcavatcd, and oven now (end of March 1887) thi.s portion 
l-.as not been fully excavated, so that there arc one or two points 
which cannot he ascertained by actual observation. 

The previous sections (Q. J, (I. 8. May i88(>, pp. 148, 157) refer 
entirely to AValton Common. Tho one on p. 148 is merely a gene- 
ralized section of the portion of the cutting then under description, 
whilst the details of the Lower Bagshot beds given on p. 157 are not 
continued to the end. Hence the section now offered (fig. 1, p. 445) 
must be fitted on to tho west end of tho generalized section, whicli 
gives no details of the Lower Bagshot Beds, but merely represents 
their position with reference to the London Clay and Plateau-graTel. 
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The generalized section sorres to show how deeply tho Bagshots are 
eut into, there being no less than three places where No. 3 is cut 
through to the level of the line. The spot where the old section 
actuall}" terminates is a few yards to the westward of tho third gap, 
where the plateau-gravel is of very great thickness. 

2. Continuation Suction (fig. ]). 

It is now proposed to carry the original section 300 yards further to 
the westward. Tho cast end of the new section (fig. 1) coincides 
with the boundary'- between Walton Common and Oatlands Park. 
For tho space of 45 yards or 1 hereabouts the pale buff sands of 
No. 3 Bagshots may be traced beneath tho immense thickness of 
plateau “gravel. When last seen (about tho point indicated by the 
arrow in fig. 1) this sandy series is strongly current-bedded, with a 
false dip of 7° towards the west. Then occurs a kind of hiatus 
where nothing is seen but portions of plateau-gravel. Yet a little 
further on and the clays of No. 4 are well seen on the bank-side, 
and very soon at least 12 ft. of these bods can bo measured on tho 
elope. The actual junction with the presumably underlying No. 3 
series is nowhere visible by reason of the extensive denudation 
which the clay series has undergone towards its outcrop. But 
evidence of tho former extension of the clay scries in this direction 
may bo soon in tho clayey nature of ))ortion8 of the material com- 
posing the so-called plateau-gravel at this point (n in fig. 1). 
Altogether the ovidence is very much in favour of the clay series 
restf Hff upon the sandy series, and not jKoishu/ into it by a process of 
lateral change, as is slated to be sometimes the case. And there is 
an additional proof of tlio truth of this view, that for some distance 
beyond gap No. 4 the line remains quite dry, as tliough the 
argillaceous scries, so vi.sihh' on tho slope, did not extend quite 
down to the level of tho ])ermJinont way. Presently the effects of 
the clay begin to ho fidt ui)on tho lim and throughout tho remainder 
of tho section tho unballastcMl portion is a perfect quagmire. Tho 
influence of this clay is felt ujwii the lino considerably further than 
the section extends, owing to the iin])t‘rra cable surface throwing out 
all the water which pcu-eolates tlic overlying loose sandy series 
(No. 5). There is an appearance in the upjier part of the clay 
which seems to indicate erosion previous to the deposition of tho 
overlying sandy series (No. 5) ; hut this is doubtful, and in the 
present state of the seel ion it is impossible to clear up that doubt. 

3. Composition of No. 4 Bagshots. 

Towards the cast end thin seams of a pale-coloured loam, resembling 
the so-called pipe-clay, finin Ibc upper part of the scries, alternating 
with brownish sands, which are rather coarser in the grain than 
those of No. 3. Lower down these seams are observed to be thicker 
and the clays loss bleached. As wc proceed westwards the blue 
beds (4*) occupy the 6loi)e, and the greater part may be described as a 



. Plateau-gravel, n. Clayey portions of Plateau-gravol. 



Pig. 1 . — Contimatu 
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mass of brown laminated loams with blue centres. This constitutes 
the main exposure, where sandy intercalations are less frequent. 
The clay is greasy to the touch and behaves like putty when first 
handled, yet when dried and pulverized it is found to consist very 
largely of sand, chiefly quarlzose, but with a fair i)roportion of 
glauconitic granules. Although tenacious and impermeable to a 
very high degree, it is doubtful whether these beds Avould constitute 
a good brick-earth. f)n the other hand these loams are much sought 
for by gardeners, as they are evidently i)ossessed of valuable fertilizing 
properties. Ihe glauconitic granules arc much smaller than those 
of the Middle Eagshots of St. Anne's Hill, \vhich 1 use as a standard 
of compai-ison, and iho pcrijdicry of the individual grains is less 
smooth. (In the other hand there are fewer fractured granules 
than were noticed in the lower beds. Thus, whilst in a sample from 
St. Anne’s Hill the grains average | millimetre in longer diameter, 
these grains arc certainly less than one fifth. The bluer portions 
of the beds contain numerous nodular aggregates of sandy pyrites, 
from 20-50 millim. in length, usually in association with fragments 
of lignite. 


4. Hemaindeb of the Cutting. 

The portion above described was the last excavated, but the 
widening of the line jj isbeen continued as far as AVey bridge Station, 
and the works are now (‘ompleted between Walton and Weybridge 
Stations. As far as Hainc’s llridgc (mentioned in the previous 
paper), the series !No. 5 maintains its character as fine huff sand 
with clay laminations, and is not to ho distinguished lithologically 
from JNo. M series. In fact these two series arc certainly tjqflcal of 
iho Tower llagshots of this district, and both of them must be of 
considerable thickness, .fbo ^'aso of the clay scries jN^o. 4 may bo 
about 40 ft. above the Txmdou flay surface, but this depends very 
much upon the behaviour of jNo. 1, the very false-bedded scries. 
Above IVo. 5 I have not succeeded iu distinguishing any series at 
present, because^, west of Haiiios llridgo, the cxiiosurcs during tho 
widening were net of a clear nature, owdug to the methods of working 
adopted. Ihiglit yelloAv fine-grained sands, similar to those so well 
know’ll between AWyhridgo Station and the river AVey, are seen for the 
most paH ; still it is certain tliat even in this portion of the cutting 
there occurs a certain proportion of argillaceous beds. The precise 
mode ot development of these Tow’er-llagshot clays could not be 
ascertained, but I w*as led to suspect that they form small basins 
of argillaceous lusittcr in ilie midst of the sands. The exposures 
between Haine’s Eridgc and AVeybridge Station would lie in the 
very heart of the I>ower Bagshots, here estimated by Prestwich at 
130 ft. in thickness. 

5. The Bbick-eabth of Hatch. 

Tlius far we have felt our way carefully, and tho sequence of 
tbo Lower Bagshots in the railway-cutting may be regarded aa 
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settled lip to a certjiiii point. Hoiicefortli, if wo would further 
endeavour to study the development of the Lower Bagshots of this 
part of AVest Surrey, it will be necessary to take a leap more or loss 
in the dark. We leave the positive for the inferential, and, what 
is more, we tind ouisi lves in collision with the (leoh>gieal Survey as 
represented in their mrip]^!!*:^ of the ridge known as AVohurn Hill 
between Addlcstoiie and Chertsey (sheet 8 of the solid geology and 
surface geology of liOiidon and environs). This AVohurn Hill, or 
AA’oburn Park, as it is sometimes called, constitutes a promontory of 
Bagshot Beds, about bO ft. above O.D., projecting into tiie great 
mass of alluvium and valley-drift at the junction of tho Thames and 
AVey, which takes ]>lace about 30 ft. above O.I). The ridge is about 
two thirds of a mile in length from E.N.E. to AV.S.W., and tho 
upper portion is composed of a very stiff claj^ wdiich has been worked 
for a considerable iieriod towards its western extremity at Hatch 
Parm. This forms a i)ortioii of the “ clays most extensively devo- 
loi)ed round Addlestone and Chertsey, whore they attain a thickness 
of 10 to 20 feet,’’ referred to by Prof. Prcstwich * as constituting 
part of his Middle Bagshot beds. It is not to bo denied therefore that 
tho mapping of the Surv ey in respect to AVohurn Hill has the sanction 
of the great pioneer of Tertiarj^ geology in tho London basin. 
Before proceeding to express my doubts on this pc»int, and also heforo 
proceeding in tho ai teinj)t to define wdiat should ho regarded as 
Middle Bagshots in this part of AVest ISurrey, I propose to give a 
description of tho 

Haivh-fann Clutf-pk (fig. 2,]). 448). — The pit is practically a trans- 
verse section of the west end of the top of Woburn Hill. AVe ])erceivo 
at once that tlie brick-earth does not occur as an ordinary scam of clay 
parallel to the underlying sand, hut that it occu])ios a hasin-shaped 
hollow in ihai sand. There is, in fact, every reason to siii)pose, from 
tho upward curve of the underljing series, that we simply sec the 
transverse section of a lenticular mass of clay, which on tho nortli 
is truncated by the escarpment, but towards the south has tJje api)ear- 
anco of going out ultoget h(!r. Another feature iu tho brick-earth is 
the remarkable amount of currenM>eddingvvith a prevailing southerly 
dip, towards the centre of the hollow, in fact ; w^hilst further south, 
w’here the hollow in the sand is less pronounced, tho laminations 
are almost hori/ontal. 

Tho clay of iliis pit is pretty strong, being used for making red 
bricks and stock bricks, whilst the presumably Aliddle-Bagshot clays 
of Oiigar Hill, worked by the same proprietor, arc also largely used 
tor pipes and tiles. The blue portions of the clay are full of flatUmod 
pyritous lumps of a different shape from those previously noticed in 
A^o. 4 of the Oatlaiids-Park cutting, and there is an abundance of 
microscopic crystalline aggregates of pyrites and some very fine 
quartz-grains. Carbonaceous matter is plentiful throughout, but 
glauconitic granules are scarce in all examples examined by me. 
The hill itself forms one of the stifFest clay soils known in this part 
of tho country. 

*Q. J. G. S. vol. iii. p. 383. 



Fig. 2 . — Section in IJatcJi-Fcmn Clay-pit^ Wohvni Bill. 
(Length of Section 160 yards. Datum-line about 60 feet above O.D.) 


448 


MB. W. H- HTrDUESTON OB THB 



brownish, extremely fal^-bedded on the left, more horizontal and more inter- 

^ Irony and carbonaceous layer in connexion with false-bedding. 

f. Coaly line dividing the laminated buif clays from the dense blue clay with pyrites. 

V. Level of mouth of well, not in line of section. 
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6. Probable Geological Posmoiff of the Hatch Brick-eabth. 

In attempting to fix the position of this remarkahie loam, or brick- 
earth, we must first arrive at an understanding of what is meant by 
Middle Bagshots. A casuist might argue, because Prof. Prostwich 
speaks of the clays between Addlestone and Chertsey as forming the 
base of the Middle Bagshots, that in point of fact these must belong 
to the Middle Bagshots, whatever the position of other beds assigned 
to that series may be. As a mere logical crux, there may bo something 
to be said for this view of the case ; but geologists will have no 
difficulty in admitting, if the basal beds of tlie ^Middle Jiagshots can 
be shown to occur on a higher horizon in this district, and if such 
beds have been recognized, both by Prof. Prestwiirli and the Officers 
of the Geological Survey, as forming the base of the Middle Bagshots, 
that in that case we must take the beds usually' aeceptc^d as the base 
of the Middle Bagshots for our standpoint, and then see if the Hatch 
brick-earth or loam can be brought into alignment with tlnun. 

Along the line of the London and Sou th-W ester n Bail way it is 
clear, according to the meaning both of JVestwich and the Survey, 
tliat the brick-earth (loam) worked on St. George’s Hill forms ])art of 
the basal beds of the [Middle Bagshots — there 170 ft. above O.Il. 
But the type section must he souglit in the cutting on Goldsworthy 
Hill, where Prof. Prostwich describes tlie basal beds of the Middle 
Bagshots as foliated clays, more or less sandy, having a thickness of 
14 feet and resting on 130 feet of “ Jjower Bagshot Sands.*’ 

Wc are not now discussing the question as to wliat are the h<‘st 
divisions for the Bagshot series of the London basin taken as a whole. 
The real issue to he decided at present is whether the Hatch brick- 
field is in alignment with the basal beds of the Middle Bagshots as 
defined by Prestwich in the Goldsworthy cutting ; if it- is below that 
horizon it should be mapped as part of the Lower Bagshots notwith- 
standing its argillaceous character 1 am disj»oscd to think that 
it does lie below the basal beds thus defined, and moreover that it 
differs somewhat in character from the basal beds of the Middle 
Bagshots as seen in the clay-pit on hit. George’s Hill. 

The considerations for determining the j)oint at issue arc partly 
stratigraphical and partly lithological. W'e nuist nol, J admit, j>luce 
too much reliance on the latter, considering the variable and uncertain 
nature of such accumulations. 1 would mfU'ely indicate Unit the 
general character of the standard basal clays of the [Middle Bagshots 
is much more regular, there is less of such very ticcontuatod false- 
bedding, and the material is more frequently of the nature of a pipe- 
clay. At the same time there are certain well-known features 
common to all Bagshot clays, such as their loamy and laminated 
character, abundance of carbonaceous matter, and other conditions, 
all pointing to considerable similarity in origin. Hence wo must 

* It niaj perbapa be a legitimate question how far physical peculiarities should 
determine the mapping of a series. If by Ijower Hagshofs it is intended to 
represent sandy beds, atid by Middle Bagshots loamy or clayey bods, then 
Woburn Hill is correctly mapped. But although thin armngement is suitable 
to the economy of the case it cannot be satisfactory to geologists. 
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not expect the lithological contrasts to be strong or reliable in all 
cases. The standard basal clays of the Middle Bagshots are nothing 
more than a repetition on a higher horizon, and over a more extended 
area, of argillaceous conditions which have obtained from time to 
time throughout the so-called Lower Bagshots. 

The stratigraphical aspect of the (|uestion, as to the geological 
position of tlie Hatch biick-earth, presents more material for our 
consideration, though I am willing to admit th?it the evidence 
presently to be adduced is not absolutely conclusive. Before 
V(mtiiring on a diagrammatic section across countiy, let me recall 
one or two facts in connexion with the Clay-pit. Tlio lenticular 
character of (he do]>osit is obvious. I'hc; base may be taken at 
(10 ft. above O.J). where the mass is thickest, and tliis is about 
25 ft. above 11 lO general level of the Tham(*s at, ( ■Ijci tsoy. There 
is a well commencing in the underlying sand, tlie montli of which 
is about 75 ft. above O.I). This well is said lo b(‘ ‘>5 ft. deep, all 
in sand, and had 0 ft. of wat<‘r in January l.S,s7. This makes the 
Avater-line in that ])art of \Vo])urii Hill 14 ft. higher Ihiin the 
general level of the Thames at fUi(*rts(‘y. Such indicalinns ])oint to 
the pi’obability of clay at no great depth from the bottom of the 
W(‘ll, since thc^ well (jan hardly he deep taiougli to reach the valley- 
water. At tlit^ same tinu^ 1 lay no v(uy great, stress upon this 
conclusion ; lirst, biH'.aiistr the various levels liavt* not becai asoer- 
iaimal with absiJule iieiajracy, and, ser*.ondl\ , bocnus(‘, in a Bagshot 
country, ilio wal(T is oft('n held up so curioii>ly and so capriciously 
as t.o makt* »is shy of drawing <*omjnsions t luavlroni. 

Jj(Niving tlie <|m'sti(tn of water-!in(‘s, let us ronsi<l('r how far the 
gener.'il (pu'stion of levels }ielj)s us to lix tlu^ jjosilion (b' tlu‘ Hatch 
brick-ea,rtli. \\’itli this object 1 now vtailuro on a diagrammatic 
section (tig. Jl. ]>. •1.”'.*}). From St. An!H‘*K Hill to the Jiortlu'rii brow of 
St. Ceorge’s Hill is a dislaiiee of 5 miles, X.W. S.Ib St. Auue’s Hill 
is 2^10 ft. above O.J and t lu* north ])row of St. ( leorge's Hill is lM5 ft. 
above 0.1). Woburn Hill is just midway, with an elevation of 1)2 ft. 
as a maximum. ]>()sition of tlie r('eogniz(>d bas.d ]k<1s of tlie 

Middle Bagshots is very well known on St. (h'orgt's Hill, and may 
he placed at about 170 feet abov«‘0.1). The actual position of these 
same beds at St. Auiie's Hill is not quite so eb'ar : but from general 
considt'ralions J am disposial to regard this hill *4 in its normal and 
uiiruined condition, as liaving the following composition : — 

* It is oviclont (hat oj)iiii()us as rogartls this hill have Aanotl at ditforont times. 
It owes its esisit'nco to an unusually thieJk clejK)sit of IJaiishot pcbbU'-gravel, 
wliich occurs quite at llie lop of tlie liill niul presumably at the junction of the 
MitUllo and U]*jier llagsliots. I’lieso ]»ebbles arc some! iiuos welded togctlier aa 
a very hard cougbmierale, and both this and the loose ] lobbies have been tumbled 
alx>ut in every jiossible direct ion. St. George’s Hill, on the other linnd, is quite 
diflercut in shape, and owes its origin to a strong deposit of the older plateau- 
grnvcl. 

It is admitted tliat the fixing of the line of the London Clay on St. Anne’s 
Hill is somewhat arbitrary, and Bt>ems rather opposed to the results of the 
sinking for water at the Holloway Hnnatoviiuu (WhiUiker, oj), cii. p. 00). But 
as we read of passage-l>eds (?) into the London Olay, there is evidently an eieraeu 
of uncertainty in the Report. 
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feet. 

Boputed Middle Bagshots (JO 

Lower Bagshots 1:^0 

London Clay 50 

Total above O.D 250 


This calculation brings the base of tlie Middle Bagshots in 8t. 
Anne's Hill to 170 ft. above 0.1). — a level almost identical with that 
on 8t. George’s Hill. Making duo allowance for errors and mis- 
calculations, wo may safely say that the levels are within 15 ft. of 
each other. 

A glance at the diagrammatic section (fig. 5) at once makes us 
iiKiuirc why, if the basal beds of the ]Midtllo Bagshots lie so high 
up on St. George’s Hill and on St. A!in(‘’.s lliil, th(‘y should have 
descended so low in Woburn Hill, which lies between flie two. In 
other AYortls, is the mapping of Woburn Hill as Middle Bagshot 
j ustified ? 

Tlie chief point for onr consideration is whether thei*e exists any 
evidence of a trough hetween Si. George’s Hill and St. Anne's Hill, 
produe(Hl either hy an ordijjary synclino or by cn'osion of a ])r(vBag- 
shot surface. If there is no (*vid(mce of such a trough, tluai, on 
stratigraphical grounds, the Hatch bnek-earth must bo a nnanber of 
the Lower Bagsliots. I am (piite prepared to atlmit the existence 
of some peculiarity hereahouls, because the Thames suddenly 
changes its moan direct ioi» just t)ppositc Woburn Hill, recovers its 
former course for a few liundnsl yards, and then suffers iiiial detleo 
tion to the L.X.K. ddio conllucnce of the Wey and the 1’hames 
marks tlie most southerly jioiiit attained by Iho ])rincipal river; 
and no doubt tlie causes which induceil and afterwards arrested tbo 
southerly eoursi^ of the Thames are to l»o sought in the nat ure and 
dispositiou of tlie beds in this immediate neighbourhood. Tho 
Thames was j)roh;ihly drawn southwards hy the fall in the bondou- 
Clay surhiee, since it Avas much (‘.asier to cat away tho loose sands 
of the Lower Bagshots than the strong blue- clay on Avliich they 
rest. Heriec Hie most southerly point of the Thann's A'alley jirohahly 
coincided with tlie maximum depression of the Loridon-(day surface 
on the flanks of the main A'alley. But the ca]> of clay on Avhat is 
noAV" AVohurn Hill helped to keep togeth(*r the incoiierent sands 
beneath; so that avc iierceiA'o »St. Anne’s Hill, Woburn Hill, and »St. 
George's Hill are jirimarily caused hy a capping of tenacious 
material Avhic.li is of an entirely different nature in each ease. 

We are <]uito prcjiarod for a synclinal, then, if it can l>c proA^od 
to exist ; hut at present L have not been able to obtain evidence that 
such is the case, at least not to the extent necessary to bring tho 
Woburn-Hill beds into alignment Avith the basal beds of the Middle 
Bagsliots. At the same time, there can be no doubt that the fall 
of the Bagshot base hetwoen Walton Common and the Biver Wey 
is considerable. Thus at the eastern extremity of tho formation in 
this district, G58 yards Avest of Walton Station, the Bagshot base is 
85 ft. above O.D., whilst near tho railway-bridge over tho Wey it 
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cannot well exceed 30 ft. above O.D,, and may be less. We have, 
then, a fall of say 55 ft. in miles in a direction from E.N.E. to 
W.8.W., which serves to show that the Londoii-C'lay surface falls at 
the rate of 1 in 210 throughout thei^ortion traversed by the London 
and South-Western llailway, between the above-named points. 
There is also additional evidence that the Ixjudon-Clay surface 
continues to fall very slightly still furtlicr down the lino, since the 
Bagshot base at Brook wood is 21 i ft. helmv 0.1).*. But the above 
considerations will only slightly atlect a line drawn from St. George’s 
plateau to St. Anne’s Hill (tig. B), which is nearly at right angles to 
the direction of the main 1j. & S.W. Itailway. 

Hence, we arc not entitled to assume the existence of a marked 
synclinal in the }>oHition occupied by Woburn Hill on the evidence 
above stated ; wliilst, on the other hand, if there be no synclinal, 
the ascertained position of the recognized basal beds of the Middle 
Bagshots in the district is very iiiucl) against the Jiotion that the 
W'obuni-llill (’lay (Hatch brick-earth) should be on their horizon. 
At the same time I am ready to admit that the base of the Ongar- 
Hill brick-eaitli, about two miles on the otlier side of Addlestone, 
which a])parently must ]>e correlated with the recognized basal beds 
of the Middle Bagshots, cannot be much more than lUO ft. above 
0.1).; but even this is fully *B) ft. higher than the base of Ihe 
Hatch brick-eartli, and more in tlio direction wluro the Bagshot 
base is undoubtedly falling f. Altogether, it must he considered 
that if the Hatch hriek-eartli belongs to the Ikliddlo Bagshots, as 
indicated on the Survey Maps, there must ho an exe(‘]>tional condi- 
tion of the local stratigraidiy. In point of fact we are faced by tlie 
follow ing dilUcuUy : — St^eing that the base of this briek-oarth is 
about (JO feet above 0.1)., and assuming that the Low'cr Bagshots 
retain their average thickness of JLM)ft., w t' should have the London- 
Cloy surface (iO ft. Inlaw O. I), at this ])omt. It is for those who 
maintain tliat this hrick-eartli belongs to the Middle Bagshots to 
bring i)roof of this. 

Even in the actual valley of the Thames there is no instance 
that 1 know of, on the Surrey side, where the Loiidon-Clay surface 
sinks below 0.1). At Chertsey, in the heart of (he Thames- valley 
shingle,’’ the London-Clay surface does not fall below Ordnance 
Datum, though it approaches very near it. At the brewery, whore 
the well-mouth is probably 4-1 ft. above 0,1)., this hax>pens to be 
ihe exact thickness of the superficial beds, thus ; — 


ft. 

Surface-mould and loamy clay 5 

Gravel and sand 35 

Dark sand 4 

Total of beds above London Clay 44 ^ 


W. Whitaker, ‘On some Surrey Wells and their Teachings,’ p. 47. 
t The clay beds at Oiigar Hill and the adjawnt Row Hill aflord a remark- 
able instance of ibe development of argillaceous beds in the Bagshot system, 
which seems to point to considerable variation in their volume and importance 
even on a well-recognized horizon. f Whitaker, ap. cif, p. 49. 



■r. Pkteau-graTel of St. George’s Hill. 
y. Pebble-gravel of Bagshot age on St. Anne’s Hill, 
s. Alluvium and sliingle of the Thames Valley and its inlets. 


WAtTON-COMMON SECTION. 


45a 




454 


MR. W. H. HXTDLESTON ON THE 


Hence at Chertsey the London-Clay surface almost coincides with 
the Ordnance Datum. At the junction of the Wey and Thames I 
have no record, hut the well-sinker at Oatlands (Mr. Gray) considers 
that the “ blue clay ” will not he quite so low there as at Chertsey. 
At West Molesey the London-Clay surface is 7 ft, and at Thames 
Ditton, 14 ft above O.D. If these places in the valley of the 
Thames itself fail to afford a Ijowdow-Cilay surface below O.D., how 
much less likely is it that the flanks of that valley should do so ? 
Unless there are exceptional circumstances, of which we have no 
proof, I should bo disposed to run the line of junction between the 
London Clay and the Bagshot beds in Woburn Hill at from 20 to 80 
ft, above 0,1). The effect of this would bo to bring the Hatch brick- 
earth comparatively low down in the Lower Bagshots, and pretty 
nearly on the horizon of the clays distinguished as 4 of the 
Walton-Oatlands cutting. Not that these two dc2>osits are by any 
means to bo regarded ns continuous, since all the evidence goes to 
show that clays occur iu an irregular and 8j)oradic fashion through- 
out the sandy beds of ilio JiOwer Bagshots. 

7. CONOUTSTON. 

It may bo asked why BO Timch imi)ortaneo should he assigned to 
the i)osition of Iheso Biigshol el:i3'.s, or, to put it more plainly, why 
a particular hrick-cartb should he relegated to the Lower rather 
than to the Middle Bagshots. 

Tluire nr(‘ two jn’incijinl answers to this question, /d'rs/, that wo 
should not neglect nu\’ <)])portuin(\' ofstiubviiig the Jjower Bagshots of 
the London Basin, Avitb a view to iiscertaining their composition 
and deivelo])nu‘nt ilirouglioiit the district. Tlie term “ Lower Bag- 
shot Sc'nids,” a])i)liod b}’ some ])co])le, is tliorougbly misleading, as 
lithological t(‘rnis usual I3' an* in siicli cases. But altogether apart 
from the (jiu'stion of iiouiei cl.iluro, tliere arises a desire to possess a 
more conipjeto knowbulge ( f these eiirioiis beds. The more thej' are 
studied under tavourat)le iport unit ies and without pjojudicc, the 
less wo shall liear of a, passage bet ween a tmiform deposit with 
marine organisms, like the London CTa\', and the irregular, current- 
bedded sands, lojims, and clays which constitute the beds usually 
known as the Ijowor Bagshots. At present we really know very 
little of the junctions hot ween the J.ondon Clay a nd the Bagshot 
Beds ; since those of well-seetions are not veiy satisfactorjr, 
owing to the different ai>pcaraiicc Avhich the same beds arc apt to 
present under a difierent stab* of oxidation, and also, in some 
cases, to the iinlltiiess of those who have to prepare the sectional 
reports. 

The second answer to the inquiry, as to the utility of these 
investigations, is mainly deriyed from the following consideration, 
viz. : that, until observers fairh’ realize the existence of important 
masses of claj' and loam in the division usually known as the Lower 
Bagshots, wo shall be continually finding beds referred to the 
Middle Bagshots which stratigraphically do not belong to them. 
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In this way a species of speculative stratigraphy is encouraged^ 
which has no real foundation except in similar misconceptions. 
Thus, true progress towards a correct understanding of the history 
and constitution of the London Basin is retarded. 

With reference to the subject of mapping, if it is prox>osed that 
all argillaceous outcrops shall be coloured as Middle Bagshots, that 
is a question which must be settled elsewhere. But if this is the 
view taken by the authorities in charge of these matters, it 
obviously implies a reclassification of the entire Bagshot system. 

Biscitssion. 

The Pbesident congratulated the Author on the light ho had 
thrown on the relations of the Eocene beds near Weybridge. Ho 
thought that tlic lenticular character of the bods of this age in both 
the Hampshire and London basins had been clearly shown. 

Mr. WnjTAKEB said Mr. Iludleston’s section of the Hatch-Farm 
Clay-pit suggested a synclinal, though probably the hollow was one 
of erosion. 

The junction of the London Clay and tlie Bagshot Beds in the 
Walton-Common section was singularly a})rui>t ; as a rule those 
formations jiassed into each other. The term Bagshot Beds was 
prclcrablo to Bugsliot Sands, for the characdor varied. There was 
more clay to the west, in the Hami)shirc Basin, and especially in 
Dorsetshire. 

Mr. Irvixo gave some details of a section at Highclero to show 
the transition bet'i/een London Clay and Bagshot. The s('-ction 
through Woburn Hill, if drawn to truo scale, would show the 
synclinal to be very sliallow. The Hatch section appeared to be a 
mere case of ‘‘contcmi)oraneous erosion and filling up.” 

Mr. Hekkies said he had seen no clays in the Bagshot Bods 
like those of Woburn Hill; but they resembled the basoment bed of 
the Middle Bagshot more than any others. He was, however, in- 
clined to think Mr. Jludlestoii's conclusions were right, but thought 
judgment should be suspended till the natiuo of the upper part of 
the hill was known. It had been said that the elialk surface and 
the beds iihove it were irregular ; if so, th(‘r(‘- might be a local syn- 
cliiuil here, quite distinct from the general basin-shape of the dis- 
trict. Again, clay conditions might have set in earlier liero, so as 
to cause a great dcveloi)m(?nt of !Middlc- Bagshot claj^s at the expense 
of the sands of the Lower Bagshot. He agreed with Mr. Hudlestou’s 
view of the Walton -Comm on section. 

Mr. Hudlestox said the suggestion of a great development of 
Middle Bagshot was difficult to i^rove or disi)rove. The curve made 
by the Thames at this point might, however, he due to a depres- 
sion of the Bagshots. The presence of passage-beds in a different 
district, as described by Mr. Irving, did not necessarily throw any 
light on the conditions prevailing near Weybridge. In some cases 
the clays of the Lower Bagshots might have been mistaken for 
London Clay. 



45G 




If the London Clay passed into the Bagsbots there was an end to 
the unconformity for which Mr. Irving contended. 

Mr. Ibying said, in explanation, that he had only argued that 
there was unconformity on the margins of the area. The case 
he had mentioned confirmed the well-sections he had previously 
quoted. There is no such passage in the surface-sections on the 
north side. 

Mr. Hudleston was glad Mr. Whitaker thought that the Hatch 
brick-earth on Woburn Hill might be Lower Bagshot, and heartily 
agreed with his objections to the term Bagshot Bands. 
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33. On Nepheltne-E.ocks in Bb^zil, with Specia.l 'REFEBEncE to the 
AsBOCiATion of PnonoiiiTE and EoTi^rrE. By Okviue A, 
Derby, Esq., F.G.S. (Bead June 22, 1887.) 

The nepheline-rocks heretofore recognized in Brazilian territory 
are the phonolites and associated basalts of Fernando Noronha, a 
deep-sea island off the north-eastern shoulder of the continent, in 
lat. 3° 5' S., long. 32^^ 24' 19" W., the volcanic nature of which 
appears to have been first recognized by Darwin in the ‘ Voyage of 
the Beagle’*. Recently a single small pebble from the little- 
known island of Trinidade, in lat. 20® 31' S., long. 29° 19' W., has 
come into my hands, showing that phonolite of somewhat different 
character from that of Fernando Noronlia occurs at that place 
also. 

Recent investigations have shown that nepheline-rocks of a 
somewhat different character are also abundantly developed on the 
mainland, and in such favourable conditions as to throw light on 
the relations of the granitic type of foyaito or clueolito-syonito to 
the other members of the group. The localities in which they have 
thus far been recognized are situated in the Provinces of Rio de 
Janeiro, Sao Paulo, and Minas Geraes, and their relative position 
and relation to the main orographic lines of the region in which 
they occur arc showm in the accomj)an 5 dng skctcli map (fig. 1 ). Three 
of these localities, Carnpo Grande, Cabo Frio, and the peak of Tingua, 
are in the immediate vicinity of Rio de Janeiro, the latter being in 
the Serra do Mar range, the two former among its foot-hills. 
Further south another set of localities occurs in the same range 
in the valley of the river Iguape. In the Mantiqueira range the 
peak of Itatiaia (3000 metros high, and the higlujst mountain of 
eastern South America) and one or more otiior high peaks in the 
neighbourhood are composed of these rocks, wdiich occur also in the 
Serra do Bocaina, a sjmr of the Serra do Mar range on the o])])osite 
side of the Parahiba valley. The other two localities are the Pocos 
de Caldas (hot springs), on the southern margin of the groat 
westward expansion of the mountainous area wliich connects the 
coast range through the 8erra do Cariastra with the central range 
of Goyag, and Itambd in the Serra do Espinhaco range, a northward 
extending branch of the Mantiqueira. As little more than a year 
has elapsed since attention was first directed to these rocks, and as 
the first knowledge of their existence in these different localities 
was obtained almost casually, it may reasonably bo 8U])posed that 

* A few of the Femanrlo-Noronha rocks are described by Bcnard (Bull, de 
PAcad. de Belgiqxxe, iii, 1882). A very complete collection ma<lo by Mr. J. C. 
Branner for the Geologicxil Commission of Brazil lias been placed in the hands 
of Prof. G. H. Williams for study. 
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fcitore inyastigation will give them a very considerable extension 
beyond the limits above indicated 

At the Cabo-Frio locality, a rocky island about three miles long 
and 400 metres high is composed almost exclusively of foyaite of 
two distinct types, the least abundant of which is referred by Prof. 
Bosenbusch, who has kindly undertaken a microscopic examination 
of these rocks, to nepheline-bcaring augite-syonite. A single point 

Fig. 1. — Sketch Map of parts of the Provinces of Rio de Janeiro^ 
Sdo Paulo^ and Minas Geraes. 



of the island is occupied by a considorablo mass of felspathic tuff. 
The adjoining mainland is composed of gneiss cut by numerous dykes 
of phonolite, basalt, amphibolite, diabase, and other rocks. A 
detailed description of this important locality is deferred for a 
future paper. At the Campo-Urande locality a network of dykes of 
diabase, phonolite, trachytes, and various kinds of basalt, one of 
which is limburgite, occur in gneiss in the railway-cuttings. Judging 

* Since the ntx^ve tvob witten, I find the occurrence of nepheline basalt 
reported by Pohlnmn from Paraguay (‘Neues Jahrbuch,’ 1880, vol. i. p. 244), 
'which makes it probable that the group of rocks here considered will be found 
also in the Brazilian highlands bordering the Paraguay 
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from analogy with other places examined, there should he some- 
where in the neighbourhood some central mass from which these 
dykes of phonolite, trachyte, and basalt radiate ; and an examination 
of the hiUs in the vicinity will probably reveal such a centre. It is 
possible, however, that they should be referred to the eruptive mass 
of the peak of Tingua, which is about 20 miles distant. Hero only 
the lower portion of a single spur has as yet been examined ; 
this is composed of foyaite similar to that of the principal mass 
of Cabo Frio, resting upon gneiss. That it has not the character 
of a dyke in the place examined, is proved conclusively by 
a tunnel some 400 metres long, which has been cut through the 
spur from side to side. Gneiss, cut by small dykes of basic rocks, 
occurs throughout the tuunel and for a few metres above its mouth 
at both ends, but the surface of the spur al)ovo the line of the 
tunnel is occupied exclusively by foyaite. Small dykes of basalt 
similar to those of Cam]>o Grande and of a traciiytic rock occur ; but 
thus far they have only been seen in the gneiss. The only 
plionolito seen is in a large boulder or ]>ri>jcctiiig ])('.int in the midst 
of a foyaite area; it ])reseiits the apjic.traiire of a dykt; iiboiit two 
metres wide, with a sliarp line of 4len)a.rcat ion bei ween it and the 
foj'aite, which adheres to both sides. 'JIh* |>ljono1itc is thickly 
spotted witli inclusions or segregations of foyailt^ similar to tluit of 
tho sides, of all sizes Tip to an inch or moi<< in diauu'lor. Tlio 
cross sections of these inclusions show a tciuU ncy to geometrical 
forms, appearing like sections of crystals 4'lie ap]>cai’ancc is that 
of a dj'ke which had caiiglit' u]) fragments oi' enclosing rock ; but 
the regularity' of the distiibulion of tin* incliisniiis ami their similarity 
of form is against this view, while, on the ot her liand, t he jdienomciia 
to be described below from the (la Idas locality make it seem 
plausible to suppose that the ])honolite is n [(orfiofi of tin? original 
magma that lias escaped C(mij)lete crystalJizal ion, and that tlio 
inclusions are crystallizc'd S(>gregations iii the midst of it. A. 
pcti’ographical study will doubtI(‘ss d(*termino which vi(}W is correct. 

The great mountain mass of Itatiaia, rising about metres 

above its base, is made U]> for tin' most part- of a variety of foyaite 
which has more of the granitic aspect than tlio ]>r(?vailiLig rock at 
Tingua and Cabo Frio, and which has only be( ii m(4 with in a 
subordinate mass at tlic lattt'r jdace, referred, as aheady stated, to 
ncpheline-bearing aiigitc-syenite by Trof. Iiosenbiisch f. Foyaite 
of the ordinary type is also known to occur there, as likewise an 
aphanitic rock, whicli may ho considered a ]>lioiioliie or a fino- 
grained foyaite. As the excursion to this ])(‘ak was made before 
my attention was drawn to the group of rocks here considered, 
many other types doubtless passed unnoticed. The neighbouring 

* A similar inclufjjon of foyaite in the }>honolitc of FernnTirlo Noronba was 
found in a specimen from that jdaee, when no larg<‘ massc's of foyaili* were met 
with in a careful examination of the islaml. Prof. Posenbimcli, to Avhorn a chip 
was submitted, regards it as an included fragnieut of an older rock. 

t A specimen of this r.;ck gireii to Mr. Henry Bauer, <jf Jguape, was sent bj 
him to the late Prof Lasaulx, wIjo describetl it in a recent nnntber of tho 
* Sit zungsbericht der niederrheiniseben Geeellscbnft/ Bonn. This is the first 
published notice of the occurrence of these rocks in Brazil. 
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peak of Picu is known, from specimens collected in the bed of a stream 
flowing from it, to contain a variety of types of foyaite and other 
nepheline-bearing rocks ; and another prominent peak, called Itajubfi, 
in the same vicinity and in the same range is, judging from its 
topographical features, of similar structure. The Bocaiiia locality is 
only known to me by a specimen of foyaite brought from there 
some years ago by the director of the ^^ational Museum when on a 
botanical excursion. 

The Iguape region is only known to mo through specimens kindly 
furnished at various times by a German engineer, Mr. Henry Bauer, 
who has given considerable attention to the collection and study of 
the rocks of his district. They include several peculiar types not 
y'ct known from other localities ; and suspecting that they wore 
associates of foyaite, I reciuostod Mr. Bailor * to search for that 
rock, which he has recently found at a ])laco called Jacii])iranga. 
Nepholi no-boaring rocks also occur in the vicinity of Xiririca 
further up the valhiy, and thore are reasons for supposing that a 
number of other localities wdl I be found in that region. The Itambe 
locality is only known by a H])ecimen in the National Museum of llio 
do Janeiro, sent many years ago hy the (barman geologist Eschwego, 
under the name of diorite, and which is pronounced by Prof, llosen- 
busch to be a tine exam])l<^ of noph(dinite. 

A cursory oxamination of some of the localities above mentioned 
having shown an a])parcnt and hitherto unsuspected relation 
between foyaite, pboriolitt^, trachyte, tutY, and certain types of basalt, 
I determined to visit the Galdas region, from which a speedmon 
int('rmedlate in character between foyaite and pbonolito bad (•om(3 
into my bands, and where a railway under construction gave 
unusual faeilitit's for examining this series, while the })roximity 
of a sodimoiitary formation of ])aljeozoic age gave hopes of ob- 
taining some idiia of its gt^dogical age. A splendid development, 
of foyaite, idionolito, and tutf was found associated with several 
types that have not yet been nu't >vilh in the other localities. 
The tcpliritie basalts which chara<*liTize the other ])laces are rej)re- 
sciitod by leuci1<*-l>asalt and by a peculiar nx'k liaving the external 
aspect of a diabase, in wbieb jdagioelase is the predominant element, 
and which 1 . suspect will prove to be toseheiiito. Trachytes, if 
represent ed, only appear in dykes too much decom])oscd for accurate 
determination. 

The Mogj'aiui railway, starting from Campinas in the province of 
Sao Paulo, runs invir the margin of tho mountainous ])lateau of 
southern Minas Geraos and the sedinieutarv plateau of Sao Paulo. 
The former, com]>osod of gneiss and metamorpbie schists, has a 
moan elevation of from IthH) to 1201) metres ; the latter composed of 
horizontal strata of shale, sandstone, and limestone, cut by numerous 
and large dykes of diabase, varies in elevation between 000 and lOOO 

* Among the rocks sent mo by Mr. Bauer is olivine-basalt (limburgite). In 
the other two loeuUties in wliich it is known (^("'amjK* Grande and Tingual it 
occurs also in connexion with the group ot* iiepheline rocks here considerod, 
and it may be susjwcted that tho relation is not purely accideuUiL 
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metres, the highest of the denudation-ridges in the part here con- 
sidered rising to a little over 700 metres. The ge^ogical age of 
this plateau has only in part been determined. The lower beds are 
soft shales and sandstone with flaggy siliceous limestones, which 
last are remarkably persistent, having been found across nearly the 
whole width of the Provinces of StXo Paulo and Parana, a distance 
of about 300 miles. The limestone has afforded fossil reptiles, wood, 
and a few unsatisfactory shells, all of which indicate Upper Paleeozoio 
{Carboniferous or Permian) age. The most satisfactory fossils are 
the silicifiod woods, which include Lepidoden droids,’ conifers of the 
Dadoxylon-tj^^ (conifers with a single row of pores also occur), and 
ferns of the type of Ps tronius. Above the limcstono come heav^y 
beds of sandstone with intercalations of a molaphyre-liko rock, often 
porphyritic and am 5 ’gdaloidal, which has not atf’orded fossils, but is 
presumably JVrmiari or Triassic. The railway for some distance 
out from Cam])inas is at times rui the sedimentary series, at times 
among gneiss hills of tlie mountainous zone; but after crossing the 
river Mogyguassu the latter disappear and tlie main lino to Casa 
Uranoa follows a flat-topped sedimentary ridge between that river 
and the Kio l*ardo, leaving the Caldas gronj) of mountains, which 
lies between the bead- waters of these two rivers, to the eastward. 
The Caldas branch rims over the sedimentary series to within about 
10 miles of the foot of the mountain, where it disappears, giving 
way to tho gneiss foot-hills. Sedimentary rocks, however, appear 
in a narrow belt along the foot of tho mountain, and it is probable 
that the interruption above noted is due to tho fact that tho railway 
follows the bottom of a valhy, and that on tho heights on cither 
side the sedimentary strata extend continuously to the mountain. 
At all events there art' no reasons for supposing that the beds at the 
foot of the mountain belong to a ditferent series from those further 
away, whose geological age is fixed by the occurrence near Casa 
Branca of limestones with characteristic fossils. 

The railway ascends the mountain on one side of the valley of tho 
Corrego ( brook) do Quarld, rising in a distance of 1 JS kilometres 
from 820 irietrt^s at tho l*rata station to 1270 metres at the summit. 
The eruptive series begins to appear about 2 kilometres from the foot 
of the serra in a cutting near the Prata bridge, where a greenish 
spotted phonolitc n])])ears associated with gneiss. Them follow a 
few low cuttings of sandstone of no special interest. Tho ascent 
proper commences with the passage of a narrow gap between 
magnificent cliffs of sandstone rising about 50 metres above the 
road-bed. This gap is cut through a narrow ridge set like a wall 
across the end of the rather broad valley of the Quartel. The 
sandstone is a very hard firic>-grained white rock, broken by joints 
into small angular fragments, and is very similar in axjpcaranco to 
some of the beds of quai tzite (itacoluraite) of the metamorj)hic series, 
and quite unlike the ordinary sandstones of the sedimentary group 
above described. That its relations are with this group rather than 
with the older one is, however, proved by thin beds of soft clay- 
shales intercalated in it near the base along 'Mth a thin layer of 

a J. as. No. 171. ^ 2 1 



462 


3£B« O. Jl, BEBBT OUT 


ohert, this last being a very characteristic feature of the Carboniferous- 
series of Bao Paulo. No fossils could be found, and its complete 
identity with the Carboniferous series could not be satisfactorily 
established, since it is possible, though not very probable, that two 
distinct formations in this region may bo characterized by cherty 
layers. If it is distinct I am very strongly ot opinion that it 
will prove to be older rather than newer. The beds are inclined at 
an angle of 15° to the eastward (away from the mountain), strike 
N. 20° W. Bo high an inclination is unusual in the series to which 
this rock is referred, which, whenever it has been examined, is essen- 
tially horizontal or with only slight local inclination. As, however, 
the eruptive activity of this region continued afttjr the sandstone 
was deposited, the disturbance may he regarded as local. Passing 
the gap the road bends round and follows the base of the ridge, 
cuttings in sandstone appearing for a distance of two or three kilo- 
metres. In some of these the rock is seen to pass into a tudaceous 
conglomerate containing pebbles of quartzite, and pebbles and 
boulders of eruptive rocks. A pccujiar feature of this conglomerate 
is the presence of abundant and often larg<? musses of brown mica, 
which, from its occuiTonco in masses of considerable tlii civ ness and of 
almost i)erfeot CT^'stalline form, not in detached flakes, must have 
been formed in place after the coarser material of the rock was 
doi)osited. 

In the cuttings both the sandstone and the conglomerate are con- 
siderably decomposed, and the contact is not perfectly clear. In one, 
sandstone is soon a])ovo, conglomerate below, with lu) apparent line 
of demarcation between them, although the passage from cosirse con- 
glomerate to fine-grained and homogeneous sandstone is an abrupt 
one. That an actual inissage occurs seems to he confirmed by the 
fact that in tlic courser parts of the conglomerate, and near the 
supposed contact, the cement is oxtreiiiely quartzosc, whereas further 
away and in the finer portions the eruptive elements predominate 
in the cement, and the same rock with its charactt ristic crystals of 
mica lu’csents flie asijcct of an ordinary tulf. The predominant 
tj'pes among the boulders of the conglomerate aie two rocks which 
were not found satisfactorily exposed in at in. C)ne has the external 
aspect, of a moderately coarse-grained diabase, wdiich, under the 
microscope, shows remarkably fve.sh plagioclase as a predoudnant 
element, the other elements being altered beyond recognition by me, 
and in a manner which 1 have never seen in any diabase. From 
its bohavionr with acids it appears to contain nepheline, in 'which 
case it is probably a teschonitc. The other rock common in the 
boulders seems to mo to be a somewhat altered phonolite, but, if so, 
it is much richer in iron than any undoubted phonolite that I have 
examimed. Undoubted specimens of phonolite also appear in the 
conglomerate. 

In one of the cuttings in sandstone a dyke of phonolite occurs, 
also a dyke of a rock too much decomposed for positive recognition, 
but which appears to be identical with the diabase-like rock of the 
boulders. In another cutting in conglomerate there is an inclined 



itephelute-bocks m bhazil. 


463 


dyke, about 9 metres wide, which is of extreme iiiterest(fig. 2). Owing 
to decomposition, only detached fragments, still in situ^ of perfectly 
sound rock could be obtained, those near the margins being typical 
phonolite, those near the centre fo 5 ’aite equally typical. Another 
case of the peripheral development of phonolite as a phase of 
foyaite will bo mentioned hereafter. 

Pig. 2 . — Section of Decomposed Dyhe in cutting, Corrego do QuarteL 





rt. Decomposition-nodules of ]>honolite in deeoinposod dyke. 

6. Decomposition-nodules of foyaite in decomposed dyke, 
c. Decomposed micaceous conglomerate. 

Leaving tho sandstone and eon glomerate area tit an elevation 
of about DOO metres, which is presumably about its highest level, tho 
road, while following in general a nearly straight lino for about 10 
kilometn^s to the Cascata station, near tho summit winds about for 
a considerable space marked off by lateral valleys, in which the road 
makes long and sharp bends to the eastward. The extreme x)oints 
of these bends are marked by the Pinhalzinho culvert, the tunnel 
and viaduct, the intervening distanccH being and 2 kilometres. 
In the U-shaped bends of Pinhalzinho and of the tunnel and viaduct, 
where the road crossing the lateral valleys enters most iuto the 
material of the mouutain, nephelinc-rocks alone are found, while 
along the projecting portion of the lower space a dark-coloured 
basic rock with prominent crystals of pyroxene is exposed in several 
considerable cuttings. This is in general lotally decomposed, showing 
only rarely, in spots, 8 ton 3 ' nuclei of a mottled bluish and brownish 
colour and heavily charged with wdiite z<*olites; but in all cases the 
outlines of the pyroxene-cry^stals are sufficiently well preserved to 
serve for its ready identification. In one cutting onlj^ bcjtween the 
tunnel and Piuhalzinho, is the rock perfectly preserved. Two 
types are here presented : one is a jet-black basalt, which, according 
to a note kindly furnished me by Prof. Kosenbusch, is a leiicitito ; 
the other is a bluish-black tuffaceous rock containing pebbles up to 
tho size of the first of tho leucitite, but as it also contains ])romirienfc 
crystals of pj roxene, the two rocks cannot be distinguished in the 
decomposed masses. The relations of these basic rocks to the 
nepheline-series is shown in two cuttings between the tunnel and 
the viaduct, represented in the annexed sketches (fig. 3). Both rocks 
are much decomposed, but in spots are sufficiently preserved to make 
their identification perfectly certain, while owing to the marked 
difference in colour of the decomposition-products the line of contact 
is remarkably sharp. I could not make out satisfactorily whether 
the leudte-rock was originally a basalt or a toft The appearance 

2i2 
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of diaftnded bUb of leudto rock btuied beneath a 0<rr 
|| The Ibrmer rbok ocoors in the HtUe valley betwe^ the 
Np^ eottings, the relatire position of which is very much as rep(re« 
<li^ted in the so that it is probable that the two masses ate 

connected underneath a capping of phonolite. The pecnliar-shap^ 
detached mass in the left-hand figure can hardly be a dyke, and is 


Fig, 3 . — Sections on Railway near Pinlialzinho* 



a. Decorapoued leucite rock. 
h. Decomposed phonolite. 


perhaps a fallen boulder enveloped in the x>honolite. It is 4 miles 
wide in the widest part and lies about 20 metres away from the 
main mass. In the cuttings in leucite rock below Pinhalzinbo 
several dykes, from 2 to 4 metres wide, occur, some of which are 
evidently of decomposed phonolite, while one, which is better pre- 
served, althougli altered to some extent, is either a trachytic rock 
or a more folspathio phonolite than any elsewhere observed. 

In the bends of the tunnel and of Pinhalzinho there are considerable 
cuttings in dark blue ])honolite and in a j)eculiar rod rock intimately 
associated with it. 'J'ho latter is best preserved at the tunnel ; 
hut even there, although the rock is apparently perfectly sound, its 
brisk eflfcrvoscenco with acid shows that a part of its original con- 
stituents have been transformed into carbonates. Under the micro- 
scope, I could make nothing out of it beyond the occurrence of 
minute dark microlites in a very finely granular ground-mass. In 
places, dark red glassy crystals of hexagonal outline and irregular 
whitish sjiots occur sparingly : both appear to he of secondary 
origin. Generally the rock ap])ears very homogeneous, but in 
places thin undulatiug streaks of lighter and darker red, giving an 
ai>pearance of fluxiun-structun*, are secai. In other places there arc 
patches and streaks of bluish and greenish xdionolite, which appear 
to shade ofi‘ into the red royk without well-defined outlines, such 
as would he expected if they were foreign inclusions. Patches 
of included pebbles and boulders with well-defined rounded out- 
lines are also seen ; and two or three large cuttings near Pinhal- 
zinho are exclusively through a coarse boulder- conglomerate, which 
is, however, so much decomposed that only on the closest scrutiny 
can it bo distinguished, from the ordinary red rock. This con- 
glomerate is well exxiosed in a ridge just above the tunnel, inter- 
calated between two closely adjacent ridges of the red rock, and 
passed by a cutting about 80 metres long and 15 metres high, in 
which hundreds of broken boulders with perfectly fresh fracture are 
seen. They are all well rounded and of all sizes up to a cubio 



Daetre, ibiiigled togel3i^ in the greatest oonfhsion^ and loosely 
eement^ by a paste of p^hles and minnte rounded giBim of 
the same nature as the boulders. With the exception of 1 few 
masses which are fragments of a preexisting and more drmly 
pacted conglomerate of the same aspect as that of which they how 
form a part, all the boulders and pebbles seen are of the same 
character and, to my eye at least, undistinguishable either macro- 
scopically or microscopically (except by a slight difference in colour, 
a light shade of red or a leaden colour being predominant) from the 
red rock of the adjacent cuttings. At one point a small mass of the 
red rock, decomposed, but evidently in situ^ rests upon the con- 
glomerate, which is also cut by a small dyke which, in its decom- 
posed state, also resembles the red rock, A relation is thus estab- 
lished between this large and almost detached mass of conglomerate 
and the smaller patches, which are clearly iiicludod in the red rock, 
and the latter is thus seen to pass on the one hand into a fragmental 
rock, and on the other into a compact phonolite 

On the same spur, between the tunnel and rinhalziiiho, occurs 
the largest exposure yet known in the region of foyaite, which 
evidently forms a considerable i)ortion of the mass of the spur, and 
apjieais in connexion with the red rock throughout a distance of 
about 2 kilometres. The rock is in general of rather coarse grain, 
but of even texture, and weathers into large rounded boulders, 
which, if the massive rock Wiis not S(‘en in tlio cuttings, might be 
taken for erratics. In one place, at the side of a small ravine, tho 
texture is porphyritio, with large and small ])olygonal ])atehes of 
coarse-grained w'hitish rock and large and ])orfecb felsj)a.r-crystals 
scattered through a bluish finely grarmhir ground-mass, in which, 
hoAvever, the granitic texture is still apparent. At the tunnel tho 
relations of the foyaite to tlie rod rock are very wttl exposed. 
High up on the side of the ])cak above the tunnel a considerable 
mass of foyaite is seen close alongside of a considerable exposure of 
the red rock. The tunnel is excavated in a largo irregular dyke- 
like mass of foyaite that cuts the red rock, and is most probably 
continuous with that of tho toi) of the peak some ^500 metres above 
it. This mass of foyaito is se]>arated hy an intervening mass of red 
rock from another about 100 metres further up tho nivino, in which 
a quariy has been op('ned. The annexed sketches (fig. 4) of the two 
openings of tha tunnel and of parts of its sides near the upper end 
show the relations of the two rocks. At the upper end, the lower 
part of the arch is of the red rock, rising highest on tho loft or 
upper hill-side : the upjjer paid is of foyaite. A road cut on the 
right side, on a level with tho floor of the tunnel, shows the foyaite 
cutting out the small i^ateh of red rock of the right-hand side of tho 
mouth, but giving way to it again a little further round tho hill. 
This appearance can only be explained by regarding the foyaite as 
an irregular dyke-like mass, some 10 metres or more thick, cutting 

* Judging from the reference in Bcwenbusch’s ‘ Mikroskopisebe Physio- 
gzaphie,’ vol. ii. p. 291), a comparison might be made between this rock and 
that from Tenerific d^omiuatea eutmiite by Fritacfa. and Beias. 
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tb© red rook at a low angle. The tunnel, which describes a strong 
curve, soon enters wholly into the foyaite, which appears in the 
floor, roof, and sides ; but a few metres beyond, the red rock appears 
again irregularly, still rising highest on the left side when the 
exposure is continuous (3), while in front it is divided into three 
distinct masses, the foyaite sinking between to below the floor of the 
tunnel (4). The road-bed again rises above the level of the lower 


Fig. 4 . — Sections across and on the sides of the tunnel near Pinhalzinho, 



a Fojailt h Eed lock. 


1. Upper inotttli of tunnel. 

*2. Lower inoutU of tunnel. 

3. Left hide of tinmel near upper end. 

4. Right hide of tunnel near uj)})er end, 

contact of the foyaite and the red rock, and continues in the former 
to the lower opening, where the latter again ap])oars in very small 
patches on each side, which only rise ver> slightly above the floors. 
The foyaito forms quite a regular arch over the lower mouth of the 
tunnel (2) ; this comes out at the upper surface of the mass, which is 
covered completely by the red rock. The latter is here so broken into 
small fragments as to resemble an immense hea]) of chestnuts, and a 
land-slide of this incoherent material bad, at the time of my visit, 
revealed a considerable surface of tlie foyaito on the slope over the 
mouth of the tunnel. This contact- surface was irregularly undu- 
lated, and inclined at an angle of 1 r)''-20'\ The rock-openings and 
a part of the interior contacts have been concealed by masonry, but 
a portion of the latter are still exposed. 

Both rocks near the contact are generally decompost^d, and the 
red rock is everywhere too much so to reveal any modifleations that 
it may have suffered. In places, however, the foyaite shows an in- 
teresting contact-phenomenon. At about a metre away the rock 
becomes flner-grwned, and passes rapidly into foyaite porphyiy and 
Anally |nto true phonolite, thephonolitic facies extending for 10-15 
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centimetres from the immediate contact. Unfortunately I waa 
unable to ascertain whether or not the same phenomenon is presented 
along the upper contact, as the places where it had been exposed 
were either decomposed or covered up by slides of the overlying 
red rock. 

Above the tunnel, for a distance of 5 or 6 kilometres, the cuttings 
(with the exception of those in the red rook and leucite-rock already 
mentioned, and situated close to the tunnel) are mainly in phonolite, 
generally much decomposed, and of no special interest. In one a 
dyke of phonolite is seen, cutting a mass of decomposed foyaite, 
showing that if a part of the phonolite (as in the case of that 
enclosed in the red rock and the conglomerate near the foot of the 
mountain) is older, or (as in the case of the peripheral portions of 
the mass at the tunnel, of the dyke in conglomerate above mentioned 
and of the rock described below) contempdraneous with the foyaite^ 
a part also is newer. A cutting about 2 kilometres below the 
Oascata station shows inclusions of foyaite in bluish phonolite, some 
of which are of considerable size. These present sharply defined 
outlines, and are either circular or show a tendency to mimic poly- 
gonal crystalline forms. The next cutting above, which is through 
a broad low ridge of foyaite, exhibits exactly the reverse inclusions, 
that is to say, of phonolite in foyaite. 

This rock, which is apparently identical with that of two quarries 
off from the line of railway near the Cascata station, and almost in 
a straight line with the cutting, the furthest being at least a mile 
away, presents several interesting characteristics. The rock in the 
main resembles quite closely that of tho tunnel, but contains a 
glassy honey-yellow ingredient, which has not been noticed else- 
where. It is also marked by indistinct circular spots slightly 
darker in colour than the generality of the rock, as if drops of oil 
had been sprinkled over it. In places also the iiepheline, which is 
generally bluish, takes on a rather brilliant rod colour, and appears 
to present more distinctly marked crystalline forms. 8mall points 
and thin irregular lines and, in one case, a pear-shaped inclusion 
two inches long, of an amethj'stine colour also api)oar. The most 
interesting of its peculiarities, however, are the inclusions. Some 
of those arc irregular masses more coarsely crystalline than the 
enclosing rock, which, owing to the predominance of largo crystals of 
felspar, have something of tho aspect of pegmatite. Othei’s are 
pebble-like masses of finer-grained and darker foyaite, while others 
again, and those are the most common, are of phonolite. These aro 
of all sizes up to that of a man’s head, with sharply defined and 
generally angular outlines, though without the mimicry of crystal- 
line form presented by the reverse inclusions of foyaite in phonolite. 
The smaller inclusions, often no larger than the end of the thumb, 
are perfectly homogeneous in appearance ; but in some of the 
larger ones there is a more or less distinct mixture of granitic and 
felsitic material. Two of the largest inclusions seen are hero 
represented (figs. 5 and 6), 
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Fig. 5. — Pkonolite-^iiiclusion in Fig. 6. — Crystalline inclusion in 

Foyaite^ <me sixth natural Foyaite, reduced about one 

size. half. 




Tlic larger oik* (iig. 5), wliicli is 5) indies loiif; and 4 indies Avide, 
is a hluo jihonolile, with tolerably abundant crystalline indusions in 
the loth bond iiortion, which become rarer towards the right. On 
the left, side there is also a long, curved, ribbon-like inclusion of 
foyaite, which shades oh at the low’er end into the including rock 
through a groiij) of scutti'ved crystals, such as are common in phono- 
lite. The other one (lig. (>), w'hich is about 4 inches long, is rejirc- 
sented above as it. ap^iears on an irregidurly friudured surface. The 
dark-shaded ])ortion is t'elsitie, and may, 1 think, bo considered as 
phonolite, notwithstanding its abundant crystalline inclusions. It 
forms a distinct sbeatli, sbai ply delined against the enclosing foyaite, 
about the whoh* iudusion, and also about the three priucijial 
crystalline masses imbedded in it in the low^er part of tho mass. 
It appears, how^wer, to shade into tlicse, and into tho smaller and 
less-defined inclusions of the u]>]H*r part. Theso masses differ con- 
siderably in aspect from the enclosing foyaite, and are lieckcd with 
small dark patches apparently related to tlie felsitic mass. As 
the specimen has been placinl in the hands of Prof. IJoscnbuscli, no 
further description of it w ill he attempted here, as, for my present 
purpose, it is sufficient to signalize tho double nature of the inclusion, 
that is to say, of a rock of granitic texture in one of felsitic character, 
which is itself enclosed in a rock of granitic type. Tho appearance 
of this and other inclusions, coupled with the facts already stated, 
as to the occurrciieo of xihonolite as a peripheral facies of foyaite, load 
mo to regard tho inclusions, whether in theono or the other of the 
rocks, as parts of tho same original magma. A petrograpliical exam- 
ination will doubtless determine wheUier this view is correct or not. 

From the cutting in foyaite, above mentioned, to the Cascata 
station tko road wdnds for about a kilometre around a prominent 
spur, some 400 metres wide, of bluish-black and greenish tuff, which 
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in general appears quite homogeneous, but in many places shows 
layers and patches of pebbles up to the size of a hen’s egg. The 
pebbles could not b© certainly recognized, but the most abundant 
appear to be similar to the diabase-like rock of the conglomerate 
at the foot of the mountain, only finer-grained and somewhat 
altered, so that only lath-shaped felspars could he made out with 
certainty. This tiitf further resembles that associated with the 
conglomerate bj' the presence of rare and small flakes of brown 
mica. It is cut by small dykes of phonolite, and by dykes about 
20 centimetres wide, too much decomposed for recognition, but 
which appear to be of a basic rock. One mass which I had noted 
in a field as a dyke, one metre wide, of a basic rock, proves on exami- 
nation to be composed mainly of granular quartz and magnetite, and 
is probabl}’ not a dyke, though it certainly j^ri'sents the appearance 
of one. The tuff is also travel sed by horizontal vein-like masses, 
from one to two inches thick, of a highly fc]R])athic rock of granitic 
or coarse poiphyritic t('xture, and by vert ical (h kes, from inches to 
2 feet wide, of a rock that a]»pcars to bo a more crystalline variety 
of tliat of tlio borizontal dykes or sheets. In the largest of these 
dykes, which is much dccomjiosed, the fclsptir crystals attain the 
diameter of an inch. In aspect tliis rock resembles the felspatldc 
veins of granite and gneiss much more than it docs the foj’aitic 
rocks of the region in which it occurs, llnrlcr the microscojio it 
differs markedly from any rock known to me ; but I suspijct that it 
will prove to bo an angito-Hyenite, or perhaps a lipariti?. Whatever 
it may he, it, with the phonolite dykes, serves to connect the tuff 
with the crs’stalline rocks of the r(‘gioii. 

Close by the Caseaia station there is a small cutting in decomxiosed 
quartzite intercalated between two cuttings in tuii'. T’ho rock is so 
decomposed and broken by joints that its position could notl>e satis- 
factorily determined, Imt it aj)])oais to dip to the eastward at an 
angle of about 20'^. It is cut by small dykes of jihonolite and by 
very thin irregular veins of pegmatite, showing large quartz-grains 
and kaolin in tin; fojm of felspar, wliicli I take to be dilferent 
from the fclspathic dykes and layers in tlie adjacent mass of tuff. 
In aj>j>earanco the rock is not very unlike the sandstone at tho foot of 
the mountain ; but its occurrence at a much higher level, the iircsenco 
of granitic masses apparently distinct from the eruptive group that 
characterizes the region, and, above all, the occurrence in similar 
conditions at another jx>b»t, to be described below, of undoubted, 
itacolumitc, lead mo to refer this exposure to a series much older 
than that represented at the foot of tho mount uin. 

At Cascata the road loaves the wooded sloj>e of the valley of tho 
Quartel and enters the Campo rcjduii ©f the mountainous ])lateau of 
Caldas. This plateau extends northwards some 15 or 20 miles to 
the Kio Pardo, which, where I crossed it, flows at an elevation of 
875 metres. The mean elevation of the plateau is about 1200 metres, 
the undulating surface presenting differences of level of from 100 
to 200 metres. It is bounded on the west and north by an approxi- 
mately semicircular arc of ridges rising abruptly from 200 to 400 
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metres above the general level. Similar but shorter detached ridges 
(the Serra do Caracol and Berra de Caldas) to the southward and 
•eastward appear to complete an approximately circular or ellij)tical 
enclosure (fig. 7). This circular arrangement of the higher ridges 
is peculiar, and, taken in connexion with the character of the pre- 
dominant rocks of the plateau and of the bounding ridges, as far as 
•examined, is probably not without significance. 


Fig. 7 . — Sketch Map of the Caldas region. 



In the 18 kilometres of railway from Cascata to the village of 
Po^os the cuttings are mainly in decvmiposed rock, which is, however, 
sufficiently preserved in patches to show its original character, either 
in loose masses or in the traces of structure still visible in the clay 
resulting from decomposition. The predominant rock is phonolite. 
Foyaite appears rarely in a few cuttings, always totally decomposed! 
Ko evidence of the existence of other rocks was met with, and the 
absence of dykes is noticeable. About 4 kilometres from Pogos two 
cuttings in decomposed phonolite show an abundance of decomposed 
analcime, some of the crj^stals measuring 3 inches in diameter. 
Near Cascata two quarries, already referred to, have been opened 
to the right of the road in hills of foyaite with abundant inclu- 
sions. ^ Close to one of these there is a hill of coarsely porphyritio 
phonolite unlike any variety seen on the railway. The crystalline 
inclusions are of all sizes up to an inch in diameter, with ill-defined 
limits and generally stained red, the red colour extending at times 
tx) the ground-mass, which is normally bluish, the inclusions being 
white. This reddening of the rock without visible signs of decay 
has extended to nearly the whole quarry, so that masses free from 
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it are somewhat difficult to find. It is seen, however, to be most 
pronounced near the surface and in the neighbourhood of fissures, 
and is undoubtedly due to weathering or to infiltrating waters. 
This phonolite difiers further from aU other varieties seen in the 
region, except that of the Prata bridge, in being fit for a building- 
stone on account of its freedom from the fine joints and splintery 
fractures that generally characterize the Caldas phonolites. About 
the village of Po§os the phonolite is generally distinctly granular, 
and might perhaps be regarded as a fine-grained foyaite. The 
hot sulphur springs (temp. 45® C.) that give name and importance 
to the place issue from the midst of the phonolite. The hill dose 
to the village (1600 metres high, the highest of the semicircular 
ridge) was examined for a distance of over a mile, and found to con- 
sist exclusively of phonolite. This rock also characterizes the road 
from Pogos to the Rio- Pardo margin of the plateau, occurring also 
with foyaite along the descent, but, apparently, not extending 
beyond the river. 

The Rio das Antas, the principal stream of the plateau, just 
before it breaks through the ridge to descend to the Rio Pardo, 
traverses for several hundred metres a considerable patch of 
quartzite. In places this shows the flaggy structure and other cha- 
racteristics that identify it with the itacolumites so abundant in the 
province of Minas. The geological age of the series to which it 
belongs has not been determined for Brazil, but it is certainly very 
old. Rocks similar to it and to its associates are called Huronian 
by many North- American geologists. The strike is N. 20® W. ; 
dip 20° S.W. A small exposure of phonolite occiirs close to the 
quartzite, and two quarries in foyaite have been opened in the imme- 
diate vicinity, but the relations of these rocks to the quartzite could 
not be seen. A little above a cascade formed by the quartzite there 
is another, in which the rock, at first sight, appears to bo similar ; 
but on closer inspection it is seen to be a greenish tuff enclosing 
fragments of eruptive rocks. This continues for a considerable dis- 
tance up stream, then isolated masses of quartzite begin to appear 
associated with it, though in no case could an actual contact be 
discovered, nor could pebbles of quartzite be detected in the tuff, 
though grains of quartz and fragments of gneiss are not uncommon. 
Apparently, however, the tuff* forms a layer ou an irregular surface 
of quartzite, points of which occasionally appear through it. The 
tuff is traversed by joints running N. 70® E., and dipinng 70° N., 
which in places produce a sort of flaggy structure. 

The Rio Pardo appears to form the northern limit of this eruptive 
group as the Rio de Prata forms the southern. Going northward 
from the Rio Pardo only gneiss, mica-schist, and granite were met 
with between that river and the Rio Grande. North of the latter 

♦ It may here be remarked that I found a north-westerly strike predomi- 
nant between Caldas and the Serra do Canastra, as well as in that range, whereas 
in Eastern Minas and along the Serra do £spiuha90 the strike is almost univer- 
sally north-westerly. It is for this reason that I have ventured to suggest (by 
the dotted line of the map, JSg. I) the derivation of the Serra do Oanastra as 
a branch of the Mantiqueira range. 



Pending thedtitailod microscopic examination of the Caldas rocks 
which Prof, Kosenbusch has kindly nndertakoii, it does not soem 
desirable to attempt to go very far in drawing conclusions from the 
observations recorded in this interesting region. It is hoped, how- 
ever, that this imperfect exj^osilion may prove. as convincing to the 
minds of others as the ijhenomena observed in the field were to my 
own mind on the following points : — 

Ist. The substantial identity as regards mode of occurrence and 
geological ago of the Caldas phonolites and foyaites. 

2nd. The coiinexiou of the latter through the phonolites with a 
typical volcanic series containing both deep-seated and aerial t 3 *pes 
of deposits. 

3rd. The eciual, if not greater, antiquity of the hmcito-rocks as 
comijarcd witli the nephcliue-rocks, whether felsitic, as phonolite, or 
gianitic, as foyaite. 

4th. The probable Palieozoic ago of the whole eruptive scries. 

The interruption in the section of tlio sedimentary series near the 
foot of the Caldas mountains renders the last conclusion less positive 
than could be desired. The conglomerate at the base of the sand- 
stone at the foot of the mount aiii pj’oves that the eruptions com- 
menced before or during the deposition of the sandstone, while the 
dykes cutting the latter show that thoj' continued after the deposi- 
tion. It is certain that at the time avIjoii the present sedimentary 
plateau of Sao Paulo Avas occupied by a late l^alajozoio or early 
Mesozoic sea, the Caldas mountains, with an elevation of at least 200 
metres, rose either at the margin, or not more than 10 miles distant 
from the margin of that sea, and this, in uccordance with the law of 
the relation of volcanoes to the coast-line, may be taken as an argu- 
ment in favour of the groat age of the eruptions, since no late 
Mesozoic or Tertiary marine deposits are known Jiearer than the 
present Atlantic coast between llio do Janeiro and Bahia, or the 
Pampa region of the Paraguay basin. Freshwater Tertiary deposits 
are known about the city of Sao Paulo and between the Serras do 

* Zircon has not been recognized in any of the Brazilian foyaites thus far 
examined. Sj^ene is a characteristic and abundant microscopic accessory in 
that of Oal^ Frio, Tingua, and Itatiaia, but has not been obrorved in that of 
Caldas, which also dififers in other respects from that of the other localities. 



Mai* And Mantiqueira m valley of the l^aralubaf but tb^e are 
^^taiOly newer than the ^ruptiona of similar material of ItsMc^a« 
Unfortunately the other localities mentioned in this paper affoiri4no 
prospect of throwing light on the geological age of the nepheline-* 
rocks, as there are no sedimentary beds in their vicinity interme^ 
diate between the gneiss and the recent deposits. They promise, 
however, to give important resnlts on the relations of various types 
of eruptive rocks, and it is hoped that an opportunity will soon be 
afforded for examining and describing them more fully. 

DrscussioN. 

The Pbesident said it was seldom that a pai>er containing such 
important facts was presented to the Society. It was reserved to 
Mr. Derby to have proved that plutonic rocks containing nepheline 
(foyaite) passed into volcanic masses which were true phonolites. 
This Mr, Derby had clearly established by observations in the field. 
He had also shown that Icucite existed in rocks of palucozoic age, 
thus rendering untenable the last stronghold of those who insisted 
on making geological age a primary factor in jictrographical classi- 
fication. He alluded also to the value of the independent determi- 
nations of Prof, llosenhusch. 

Mr. Bauerman had been over portions of the ground with the 
Autlior, and was glad to add his tf\stimon3^ to tlm value of the 
paper. He spoke of the importance, in a geological sense, of these 
generalizations. It was remarkable how highl^^ crystalline masses 
of rock pass over into a sort of phonolite. Tlieso were associated 
with palajozoio masses, which were pro-Permian or at least pre- 
Triassic. He alluded to the difficulty of investigating Fernando 
jSToronha, and also to the difficulties attendant upon the investigation 
of rocks in Brazil, which wore subject to such an enormous amount 
of local alteration. 

Prof. Boxney also expressed his sense of the value of the paper. 
He alluded to the comparative rarity* of nepheline- and loucite-rocks, 
and to the confusion in the nomenclature. He was rorainded of the 
nepheline-rocks near Montreal, where* doleril-e was broken through 
hv*^ nephcline-syenite, associated with tephrifes and phonolites. 
Although there might bo a doubt here, these rocks wmro most pro- 
bablj^ of Silurian age ; but the evidence in Brazil was still clearer 
as to the palaeozoic age, and ho believed that, in the case of some 
other masses, the evidence had satisfied the Canadian geologists. 
He alluded also to the nejihel in e-rocks in the Katzon-Biickel, where 
there was a similar passage from coarse-grained to fine-grained. 

Dr. Hatch said that in this case leucitc was clearlj^ shown to he of 
palaeozoic ago, and he regarded the pajier as a stop towards the better 
classification of this group of roclcs. 

Prof. Seeley asked for evidence as to tlie identification of the 
leucite. 

The President thought there was no possibility of mistake in 
this respect. As regards the rocks of the Katzcn-Buckel, none 
were truly holocrystalline, and hence they could not be comx>ared 
'with foyaite or eheolite-syenite. 
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84, On some Occtterences of PiEDMOirTiTE-ScHiST in Japab. By 
Prof. Bukpjiro Koid, Ph.I). (Read June 8, 1887.) 

[Communicated by Fuank Rutley, Esq., F.G.S.] 

Ab already stated in a former paper tlio oocurrcnce of mangan- 
epidoto or piedmontitc is often associated with glaucophane-bcariug 
rooks in the crystalline-schist sj’stem in Japan. The rock which 
contains piodmontite as an essential component is well characterized 
in outward appearance, being of a dark violet colour ; hence it is 
locally named the ‘ mnrasaki ’ or violet rock, and it is most typically 
developed in the Island of Sikoku, esiJccially in the neighbourhood 
of the city of Tokusima. 

The first specimen that came under my notice was brought from 
Mount Otakisan, one mile to the south-west of the last-named city ; 
and many localities have since been added to the list of places where 
it occurs, so that wo are now able to trace out the geological 
horizon of the piedmontiie-bearing rock twerywhero within the 
crystalline-schist system of that island. The rock is, however, not 
exclusively confined to this region. It als<» has a wide distribution 
in the provinces of Wusasi and Kozuke, oji tht‘ main island, HonsiCi. 

Tl\e piodmontite is associated with fine (juartz-grains ; and by the 
parallel position of the former, the ruck itself assumes a schistose 
structure, a vertical section present ing a regularly banded ap])earance 
resulting from the alternation of line inedmontito layers with those 
of quartz. 

The accessory components are muscovite (hydrous mica of Prof. 
Bonney t), gieenish-yellow garnet, rutile, some felspars (probably 
orthoclase ), blood-rod iron-glance, and also opaque crystals of the 
same mineral. This is the ty]>ical piedmontite-schist. In the 
glaucophant^-bearing rocks X manganepidote also makes its appear- 
ance, but it is subordinate in cjuantity to glaucophane, and its 
place is often supidied by common yellowish-green ejiidoto. We 
shall, first of oil, siieak of the epidote in the piedmontite-schist. 

(a) Piedmontite . — Crystals of ])iedmontito are usually much 
elongated, traversed by transverse irregular cracks and fissures, 
sometimes broken, and then the dismembered parts form chains, 
with faces stiiated in the direction of the axis of symmetry. Nearly 

all the crystals lie with the orthojiinacoid ( ooPoo ), parallel to the 
planes of schistosity of the rock. 

Unlike the common rock-forming epidote, in which well-defined 
ci^stallographic forms are seldom to be seen, these crystals of pied- 

montite have usually well-devoloiied faces of M (oP), T ( ooPoo ), 
t(iPoo ) w(I*)» sometimes r(Po6 ) as in fig. 1. 

The clinopinacoidal section ( ooPob ) is, as a rule, of an oblique 

* Journal of Sieenc© College, Imperial University, vol. i. part 1, p. 85,. 
T5kyo. 

t Min. Mag. vol. vii. no. 32, July 1886, p. 3. Loe, cit, p. 86. 
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rhomboidal outline, caused by the predominance of the traces of T 
and M as in the figure, and if the faces r or t be also developed 
the section will then be six-sided ; but the latter case is less frequently 

seen. In common epidote the face r (3^^ ) is said to be a predominating 

element, and, as a rule, it is more perfect than the face T ( ooP<» ). 
In these piedmont ites the face r is very poorly developed, and it 
is usually not visible even in the clinopinacoidal section, the outlines 


Fig. 1. 



of which aro never regular, owing to the fact that there are an 
infinite number of prominences and indentations, and they aro some- 
times even knee-shaped, just like twins of rutile. All these facts 
are due to the parallel growth and intergrowth of two or more in- 
dividuals of different sizes ; the striations coinmonlj^ observed on 
the faces parallel to the ortho-axis arise mainly from these causes, 
and i^roportionally few of the striations can be attributed to the 
twinning. 

Extinction takes places simultaneously in all the individuals that 
enter into the formation of the complex crystals, and this would not 
occur in the case of twins. Some of these remai’kable forms are 
given in figs. 2, «, 6, c. 

Fig. 2. 


ah c 



Twins are comparatively rare, and, if x^rosent, they are of a common 

type whose plane of twnnning and composition is T ( qoP:» ), the ex- 
tinction-direction of the one individual making an angle of 6® with 
that of another (fig. 3). The traces of cleavage upon M, in both 
individuals, meet at an angle of about 130°, just as in the case of 
common epidote described by P. Becko * and H. Keusch t. The 

* Tschermak, Min. u. petr. Mitth. 1879, p. 837. 
t Neues Jahrb. fur Min. etc. ii. 1883, p. o7. 
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oi^stal individuals of twins differ considerably iu tbcir size, and the 
one bears a parasitic relation to the individual to which it is attached. 
The colour and the behaviour of pleochroism in twins are exactly 

Fig. 3. 



similar in most oases, so that the existence of twinning can only be 
recognized by a slight difference in the shade of colour of both 
crystals under crossed nicols, and also in the* direction of the traces 
of cleavage upon M. 

Cleavages upon the base (oP), and ortho])inacoid ( odPcc ) are 
soraetime^s observed : but in iniiiuto crystals they are, as a rule, less 
distinctly developed than in the larger individuals ; for in the 
majority of cases the smaller ones are perlectly free from such trac(?s 
of cleavage. 

The angle of ohlique extinction : — : A=3°. The axial colours : 
Aassdeop reddish- violet ; C^=hrownish red : 11 = light violet. The 
degree of absorption ; A>C>J5 ; while in common epidote it ina)^ 
be expressed in the following scheme C >P > A. Therefore the 
clinopinacoidal sections of this mineral show thc^ most intense colours, 
while those parallel to the ortho-axis disjday ji lightcT tint. When 
a slide is prepared in the direction of the jdanes of schistosity in 
the rock, wo usually see sections approximately parallel to the 
/>-axis ; but we also perceive a marked ditfenmcc in the colours 
of various sections snggc'stive of ('iitirely difttTent minerals ; the one 
is a deep violet, the other a brownish yellow. As there are great 
differences in the axial colours already stah'd, it may be naturally 
expected that a section parallel to the basal pinacoid M is of a 
brownish yellow ; for we see the combination of the axial colours of 
C and B ; that which is taken nearly parallel to the orthopinacoid 
T is of a deep violet (a combination of A and B). The clinopina- 
coidal section shows the deepest shade of colour, the face-colour 
being a combination of C and A. 

* Bosenbuach, ‘Mikroskopische Physiographie,’ i. p, 497, 2te Auflage. 
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The extinction-direction is, of course, parallel and at right angles 
“to the longer sides of sections in the zone of M a^nd T, and the in- 
tensity of the colours also depends upon the section in this zone. 
The polarization-colours are magnificent, ranging from an intense 
violet to an indigo-blue tinge, and this becomes more pronounced 
if we insert a quartz-plate in the tube of the microscope. 

The piedmontite is generally pure ; neither liquid-enclosures, 
g!iS-enclo8urcs, nor microlithic interpositions being found in large 
quantities. Minute crystals represent the ideal purity of the 
mineral. 

This mineral has been isolated from other constituents of the 
schist from (3takisan, Awa province, by means of Thoulet^s solution. 
The result of the chemical analj^sis, kindly undertaken by Mr. J. 
Takayama, of the Geological Survey of Japan, is as follows: — 


SiO, 

A1 O 3 

30*10 

22*52 

jVo" 

9 ^33 

Mn.O, 

0*43 

Ca() 

22*05 

MgO 

0*40 

K,() 


Na .,0 

0*44 

h,6 

3*20 


ioo-r>;^ 

H : Ca : ; 1 : 2-2 Ca : R ; Si : : 1 -25 : 1 : 1*92 

(b) Conrparison with other Occurrences , — On comparing the result 
stated above with analyses of Swedish and Alpine epidotes ♦ our 
mineral shows in some particulars ji marked dilhirence in the per- 
•coutage-coniposition from both of them ; there is nevertheless a 
general resemblance in all, and the Japanese epidote supplies a 
hitherto missing link b(^tween that of Jaoobsberg, in Swcjdon, and 
thjit of St. Marcel, in Piedmont. Mr. Takayama staters that ho is 
as yet unable to decide whether the manganese in the Japanese 
epidote exists as sesquioxidc or as monoxide, or os both. Igelstrom 
suggests that the Swedish mineral contains manganese as the 
monoxide, while others are of opinion that in the Alpine epidote 
the manganese exists only in the condition of s(‘Squioxide. Some 
mineralogists therefore hesitatt* whether they slioiild be regarded as 
the same mineral variety f. The writer Ixifore expressing himself 
decisively on this point awaits the results of a more complete 
examination. 

Being of a very beautiful rose-red colour, highly pleochroic and 
acicular in habit, piedmontite is frequently confounded with tour- 
maline, and as such it was at first regarded by us. Dr. E. Kaumann^: 

* Bammelsbeig, * Mineralchemie,’ 2te Aufiage, p. 695. 

t Naumann ; Zirkcl, ‘ Elements der Mineralogie/ 12te Aufla^, p. 677. 

1 *Ueb6r den Bau and die Entetehong der japaniachen Inaeln/ Berlin 
i8d5, p. 10. 

. aJ.G.S. K0.17E 
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notes that there are two interesting rocks in the crystallino-schist 
system of Japan, one of which is “ ein echter durch charakteristische 
rothe Farbting kenntlicher Tunnalinachiefer^ der unter dem Mikro- 
skop schongcfurbt;C starko dichroitische langgcstrcckte Krystalle 
zeigt.” The original specimens from which E. Naumann penned the 
above-quoted statemeiit were kindly placed at my disposal by the 
Geological Survey of Japan. On examining the various slides the 
writ^er was firmly convinced that here we have to do with true/>ieff- 
montiic, and not a tourmaline ; and the analysis given above confirms 
the writer’s view. 

(c) Gi'Offraphtcdl IMstrihution of Piedmont lie. — The mineral picd- 
moniite is not of common occurrence. In treatises on mineralogy 
we find only two typical localities up to the presimt : the one is 
St. Marcel, near Aosta, in Piedmont, Italy, where it occurs, as a rare 
mineral, together with othcT manganese ore^s ; th(‘ other is Jacobs- 
berg, in AVermland, Sweden, where it is found localized within a 
limestone. In both cases, as it seems to m(i, piedmontitc) occurs as 
a rare mineral, and it. is by no means abundant enough to form an 
independent, rock. 

Its e-xtensivc occurrence in Japan is somc^what. remarkabh?, and is 
probably une<pialh‘d in other parts of the world ; th(^ manganeindote 
and quart/Z constitut.o the ]u (^draon tit e- schists, and it is also an acces- 
sory compoTU'iit in glaucophane-schist O ecologically speaking, its 
occurrence is confined to the same horizon as the glaucophane, i. e, 
the. low(?r part, of the chloritc'-schist siu-ies of tlu‘. Archa'an complex. 
This uni(]U(‘ ])iedmontit (‘-bearing rock is of inu'xpi ctc'dly wide dis- 
tribution, and constitutes, index'd, an essential member in the Archaean 
system of Jjipati. Tlu* subjoined are some out of many of the 
typical Japan(‘S(‘ localities of manganeq^idote ; — 

SilcoJac Inland. 

1. Otakisan, near the city of Tokusima, Awa province. 

2. Pessi (Jopper-miiie, in Uma Gdri, Sanuki proviuc(‘. 

Jk Cliihara C<)pp(‘r-iriino in Siiifu district, Kitanada in Kami- 
IJkima district, Uchiiioko and Kaya in Tvita district, lyo province. 

Main Island. 

4. Minano, Simo-Tano and Yori, Chichibu district; Ogawa, in 
Hiki district, Musasi province. 

5. Umenokidaira and Sambagaw’a, Kanra district, Kbzuke pro- 
vince. 

6. Misaka, in Iwamae district, Iwaki province, &c. 

(d) A pecidiar Epidotc . — There is still another variety which 
may be conveniently described on the present occasion. In speaking 
of the glaucophanc-schist in his other paper t, the writer has already 
given a brief notice of the presence of a remarkable piedmontite. 

* Journal of Science College, Imperial University, Tokyo, vol. i. part 1. 
B. Kot6, ‘ A Note on Glaucophane/ pp. 85 et seq, 

t Loc. ait. p. 85. 
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In this schist we find a peculiar epidote in the form of long irregular 
plates (J- 1 centim.), having a slight yellowish -green colour, and being 
irregularly traversed by transverse cracks and longitudinal striie.. 
The morphological habitus diflTers from that of an ordinary epidote 
in its more flattened tabular condition. It j^ossesses sometimes a 
faint rosy tint, its pleoehroism is weak, but distinct, being more in- 
tense when the short diagonal of ihe lower nicol is at right angles 
to the longer sides of the epidote. In other instances the red pig- 
ment is localized in the centre (fig. 4). so as to form a distinct zone ; 


Fig. 4. 



but the reversed case, ?. e, a red margin with the yellow centre, has, 
within the writer’s knowledge, never yet b(H‘n c>bs(‘rvod. 

The rosy pigmtMit which cliaracteriz<‘S this (^]>idoto is certainly 
due to tht! jjresencc^ of a manganese oxide, and the* mineral forms an 
intermediate link between common epidote and piedmontite. One 
point in connexion with this epidote should not pass unnoticed, 
namely the abundant enclosures of aggregates of opafpie iron-glance, 
and blood-red hexagonal scales of the samt? mineral, since the typical 
piedmontite is entirely free from enclosure's of such a kind. This 
indicates the fact that the latter (piedmontite) has crystallize^xl out 
before the yellowish-green ejndotc. 

(e) Garnet . — In the glaucophane^-schist from Otakisan, in the 
Island of Hikoku, we find a large number of rhombic dodecahedra 
(size of a pea) of a greenish-yellow garnet. A slide cut from one 
of these garnets shows, under the microscope, that it is made up of 
different minerals as indicatt;d in figure This crystal is, indeed, a 
small minefal cabinet of all the constituents of the rock in which it 
occurs, except glaucophane. The violet piedmontite needles, clumps 
of dark iron-glance, hexagonal scales of iron-glance,* the knee-shaped 
twins of rutile-needles which contain in their substance also a large 
number of already twinned crystals upon Poo , and, lastly, highly 

2k 2 
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vitreous grains of quartz, are all thrown together within the garnet 
crystal, these enclosures assuming a more or less curved course. 

The colour of the garnet itself is deep yellow, and the crystals 
show anomalous optical properties, being anisotropic. This is 

Fig. 5. 



caused probably by the strain from the interposition of other minerals 
contained in it. Prof. Bonney^ has also found garnet in cer- 
tain glauoophane-bearing rooks near Berrioz, Val d’Aoste, in the 
Alps* Here the garnet sometimes contains glaucophane and dark 
dust (?), which he suggests may be possibly due in certain cases to 
subs^uent infiltrations. The garnet here described is entirely free 
.from enclosures of glaucophane, although the rock itself is a glauco- 
phane-sohist ; and the above-mentioned interpositions, i, e. pied- 
montite, &c., seem to have been developed prior to, or contem- 
poraneously with, the formation of the garnet. 

Discussion. 

The Pebsideht remarked that, in the slides, where the glauco- 
phane was best developed, there the piedmontite was most rare, and 
that where the piedmontite was abundant but little glaucophane 
was to be seen. Ho alluded to the striking pleochroism of the 
piedmontite, and to the interesting fact of its having been now 
recognized for the first time as a rock-constituent. 

Idr. Mieks, whilst claiming but little special knowledge of the 
minerals described, expressed his satisfaction with the paper. 

Mr. Hudlestoh said that the President’s remark precisely con- 
firmed Mr, Koto’s statement to the effect that the piedmontite exists 
only as an accessory mineral in the glaucophane-rock, whilst it is 
one of the principal constituents in the piedmontite-schist, which 
contains hardly any glaucophane. 

^ ** On a Olauoophane-edLogite from the Val d’Aoste,” Min. Mag. vol. vii, 
no. 32, p. 2 (1386). 
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35. On the Bocks of the Maeyerk Hills. By Frakk Ktttlet, 
Esq., F.G.B., Lecturer on Mineralogy in the Boyal School of 
Mines. (Bead December 1, 1886, and April 6, 1887.) 

[Plates XIX.-XXI.] 

Part I. 

The rocks of the Malvern Hills have already been the subject of 
much discussion, and some of our most eminent geologists have 
devoted a large amount of time and trouble to the unravelling of 
their history. 

One of the most important pa])or8, however, upon this subject 
was written by Dr. Harvey B. Holl over twenty years ago ; and 
with this pajier and a few maps I have spent several weeks in 
examining the range. 

The general result of this examination may be of interest, inas- 
much as it enables me to confirm to a great extent the statements 
made by Dr. Holl, whose careful observations and sound inferences 
cannot fail to impress those who endeavour to follow up his work. 

One of the main points which Dr. Holl wished to demonstrate 
was, “ that the rooks which had hitherto been treated of as syenit^; 
and supposed to form the axis of the hills, were in reality of meta- 
morphic origin, and belonged to the Pre-Cambrian, Azoic, or Lau- 
rentian Age.” I think that, at the present day, many geologists 
will be found who are ready to accept this conclusion, in spite of 
the protest of the late Sir Boderick Murchison f* * * § 

Dr. Holl, in his paper, discusses first the structure and origin of 
the crystalline rocks of the Malvern Hills, he next treats of the 
adjacent Palmozoic strata, and finally endeavours to show the chrono- 
logical relationship of the several events in their geological history. 

Without attempting to follow out such an extensive programme, 
I have restricted my work to the old ridge of gneissic syenite, 
granite, &c. which constitutes the central or axial, and, indeed, the 
main portion of the range ; and although I have failed to see many 
things, I have nevertheless verified much that Dr. Holl, the late 
Professor Phillips J, the Bev. W. S. Symonds §, and other observers 
have recorded. 

At the outset, Dr. Holl describes the small hiU known as Keys 
End or Chase End as consisting, at its southern extremity, of 
thinly bedded gneissic rooks dipping cast, the gneiss being some- 
times micaceous, at others homblendic. This hill is the extreme 

* “ On the Geological Structure of the Malvem Hills and Adjacent Districts,” 
Quart Joum. Geol. Soc. rol. xxi. pp, 72-102. 

t * Siluria,’ 4th edition, 1867, p. 14. 

1 * Memoirs of the Geological Survey,’ vol. ii. part 1. 

§ * Old Stones, a series of Geological Notes on the Bocks in the Neighbour- 
ho^ of Malvern,’ new edition, 1884. 
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sontliem member of the Malvern range, and after a more detailed 
description of it Dr. Holl carries the reader gradually northward. 

Without following his description further at present, I will at 
once venture to expound the view to which my own examination of 
the range, coupled with a careful perusal of Dr. Hell’s paper, has led 
me — a view which begins at the other end of the chain, and which, 
if true, may result in a better understanding of its structure. 

In the first place, the bods of (*r 5 " 6 tallino rocks, mostly of a gneissic 
character, whicli form the axis of the Malvern range liave, I believe, 
been disj>oscd in a synclinal flexure, which stretched from the north 
of tho range as far Jis tlio middle of tlie ridge wliich forms Swin- 
yard’s Hill, wlicre there is, 1 think, evidence to show that they 
experience a sharp anticlinal flexure and are then faulted down- 
wards, to reappear no more in this country". The s\mclinal fold just 
mentioned, which is over five miles and a half in length, is probably 
more or k'ss irregular through subordinate crumpling of the beds, 
and, in common with the rest of the r jingo, is traversed obliquely by 
a number of a]>proxiTnately N.W. and S.E. or N.E. and 8.W. faults, 
as already indicated by Dr. lloll. 

Inferences regarding the upthrow or downthrow of the masses 
lying ‘between these faults iiuiy, ]»orbaj>s, Ije most safely arrived at 
from the corresponding displacements of the Silurian strata which 
occur on tho western ilank of the range, and although from a little 
north of Malvern Wells to the t^xlreme noiih of the chain there 
appear to l)e successive downtUroAvs to tlic north, yet south of 
Malvern Wells tlie th?-ow8 vjiry. 

From lithological c^vide.nee g(anu*ally, it seems that the rocks 
forming the iiorth(TJi portion of >Swinyard’s Hill jjre a repetition of 
those which constitute the AVorcesttushire Ihiacon, and the assumed 
relationship of the beds is indicated in the diagrammatic section 
appended to this pajjcr (facing j). 4SS) *•. 

AVe may infer that- i)robably, but not necessarily, the oldest and 
oiicc most decply-sejited beds of gneiss would be those which would 
have undergone the greatest alteration, that traces of bedding in 
them would be rjire or v(‘ry obscure and irregular, and that in 
crystalline structure they would ai)proximato more closely to plutonic 
rocks than tlie higher beds of the si'ries. In other words, we should 
expect to find tho older tx'ds occurring in tho coiiditioii of coarsely 
crystalline gneiss, or even ol' er>stalline rocks devoid of foliation, 
and the younger of liner texture and ap]>roximat.ing to schists. 

In tho Malvern range wo lind the most coarsely crystalline rocks 
in the northem, and the fine-grained rocks and schists mostly in tho 
southern hills. Hence it may, 1 think, be inferred that the rocks 

* On referring to Phillips’s Memoir, tho following stjiteuient concerning what 
ho termed “ mottled evenito ” will bf* found “ As already observed, it is in tho 
norUiem parts of the Malvern range, and es})eoiHily north of the Worcestershire 
Beacon, that this beautiful rock appears most abundantly. It is, however, not 
entirely absent from any of the hills, at least in small masses. On the crest of 
Swinyard’s Hill it may be found amidst the great variety of compounds which 
that narrow and interesting ridge presents.” (Mem. Gool. Surv. voL ii. pt, 1, 
p. 41.) 
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<iODBtitutiDg the northern parts of the chain are older than those 
which occur in the southern end. The rocks of the North Hill and 
the Worcestershire Beacon are, as a rule, coarsely crystalline, and, 
I beliovej older than those of the llaggedstoue and its vicinity, 
which are for the most part of a schistose character. Owing to 
frequent faulting and subsequent denudation, the regular chrono- 
logical sequence along the range is more or loss disturbed, and in 
this manner we meet with vor^' coarsely crystalline rocks in the 
northern part of Swinyard’s Hill, only two or three miles from the 
southern extremity of the chain, which appear closel}' to resemble 
some of the very old rocks in the northern parts of the range. 

The flanking beds of Paheozoic strata, which abut against the 
western side of the chain throughout its entire length, occur only 
on tho eastern sides of the southern hills ; and it does not seem un- 
reasonable to suppose that their partial preservation on this side is 
due to tho downthrow towards the south of the southern i)ortion8 of 
the old ridge, although it must be admitted that there are some 
objections to this view. 

Most of the fauhs which cross tho axis, generally in N.W. and 
8.E., and N.E. and S.W. directions, have been indicated by Dr. HolJ, 
who has traced ibem by means of breccias, or interred their ex- 
istence from marked discrepancies in the strike of tlie beds. An 
examination of tho ground shows how carefull}^ he luis done this ; but 
I have ventured here and there to extend some of these linos of fault 
from th(^ Silurian area across tho giioissic rocks, on the strongtli of 
somewhat meagre evidence not recorded in his paper. 

As already mentioned, one of tho most striking lithological 
features of this range consists in the generally coarsely crystalline 
character of tho rocks forming the Noith Hill, the Sugarloaf, tho 
Worcestershire Beacon, the Herefordshire Beacon, and the northern 
part of Svvinyard’s Hill. These constitute two well-marked masses 
when rcgardc'd lithologically^ — the first extending from the northern 
end of tho chain to tin'- Wy'ch, wliilo the second reachtis from the 
northern foot of the Herefordshire Beacon to the fault which crosses 
Swinyard’s Hill. 

These two masses consist, for the most part, of coarsely crystal- 
line giicissic rocks, sometimes hornblendic, at others micaceous; 
while non- foliated rocks of similar mineral constitution also occur, 
which may be regarded as syenite and granite. Beds of much finer 
texture are also met with within th(!se areas, but the general 
character of tho two masses is a coarsely crystalline one. 

The contrast between these rocks and those which constitute the 
other portions of the range, which consist mostly of schists and thinly 
bedded gneissic rocks of finer texture, has been specially noticed 
both by the late Professor John Phillips* and by Dr. Holl, 

* “ Schistose rocks more or less approaching the character of gneiss are more 
abundant in the Malvern Hills than might be expected. They occur prin- 
cipally in the West Raggedstone Hill, about its summit ; in tho northern parts 
of the Midsummer Hill, and in tho hills south of the Wych ; but there are 
various other more limit^ exhibitions of such compounds.’' (Mem. Geol. Surr. 
vol. ii, pt. 1, p. 43.) 
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The first, or northern, coarsely crj^stalline mass is cut off on tho^ 
south by a fault near the Wych Pass; while the other coarsely 
crystalline mass is bounded by a fault on the north of the Here- 
fordshire Beacon, and by another which cuts across Swinyard’s Hill, 
near the highest part of the ridge. It is to these three faults that 
I would specially direct attention, as they appear, from adjacent 
lithological evidence, to be tlie principal dislocations of the chaifi. 

We will deal first with the northern mass. Dr. Holl states* 
that there is, nearly opjjosite the ravine (the Dingle) which 
separates the Worcestershire Beacon from Summer Hill, a fault 
which “ has carried the Woolhopo Limestone, on its southern side, 
30 yards further to the west.'’ 

Meeting with breccia on the eastern slope of the range in the 
vicinity of St. Ann’s Well, it occurred to me that it might indicate a 
fault and that the line of fault just alluded to, and which is shown on 
the map accompanying Dr. Holl's paper, would, if produced, touch 
the spot at which this breccia occurs. Drawing such a lino across the 
Ordnance six-inch scale map, I endeavoured to trace the breccia, and 
found a small exposure of it just where the line crossed the ridge of 
the hill, above and a little to the south of the head of the Dingle.- 
Beveral hours of search for further evidence resulted in the discovery 
of breccia at various points, near the line, but sufficiently far from' 
it to show that, if the breccia indicated a fault, it was either very 
sinuous or, more probably, was itself faulted by transverse disloca- 
tions. I think, however, it may be assumed that a fault doeS' 
actuaBy cross the range at this point ; for, apart from the occurrence 
of breccia, the strike of the rocks comi)OBing the Worcestershire 
Boacon docs not agree with the general strike of those on the other 
side of a line drawn along the Dingle and over the ridge to St. 
Ann's Well. 

Boughly classifying the chief rocks of the Malvern axis, wo may 
separate them into three groups, viz. : — 

Upper group = Schists and fine-grained gneiss. 

Middle group s=Fine- and medium-grained gneiss. 

Lower group = Medium- and coarse-grained gneiss, with 
diorite and granite. 

Between these groups there exist no definite lines of demarca- 
tion, all three groups being composed of alternating beds of variable 
texture. 

The Upper group is, however, specially characterized by the 
prevalence of schists, while the Lower group consists mainly of beds 
of very coarsely crystalline gneiss alternating with granite, syenite, 
and diorite. 

The range from the extreme north to the Wych consists mainly 
of the Lower, with perhaps the base of the Middle group. 

From the Wych to the Herefordshire Beacon the rocks belong 
ohiefiy to the Middle group. But it seems probable that some of 

* Op, cit, p. 95, 
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the highest beds a little south of Malvern Wells should be referred 
to the base of the Upper group. 

The Herefordshire Beacon is probably composed chiefly of tlie top 
of the liowcr and bottom of the Middle groui^s, but exposures of 
rock are not very numerous ; while the northern part of Swinyard’s 
Hill belongs, I believe, to the Lower group. South of the fault 
which crosses Swinyard’s Hill down to the south end of the range 
the rocks belong to the Upper group, except perhaps the southern 
portion of Midsummer Hill, which may rejiresent the top of the 
Middle Group. 

I]i support of such evidence as appearvS to me to denote repetition 
of the gneiswsic beds, I cannot do better than quote the sequence of 
rocks recorded by Ur. Holl in various parts of his paper, since, 
although he disclaims any btdief in the repetition of these beds, his 
observations are in most instances of a much more detailed character 
than my own. Thus on pp. 76 and 77 of his paper he gives a list 
of the bods traversed in passing from the southern to the northern 
end of Swinyard’s Hill, stating the approximate thicknesses aa 


shown along the crest of the hill. 

Beginning at the south end ho records : — 

ft. 

Micaceous schist and fine-grained gneissio 
rocks, with a few subordinate bands of horn- 

blende-schist 665 

Fine-grained red granulite 95 

Fine-grained gneissio rocks and mica-schist, 
with a few narrow bands of horiiblonde- 

schist 565 ^ 

Hornblende-schist 15 ft. 

Mica-schist 15 680 

Unseen 85 


Here we have, assuming his granulite to form the axis of a fold,. 
665 feet of rock on one side, corresponding more or less precisely 
in lithological characters with 595 feet of rock on the other side, 
with a margin of 85 feet of unseen rock to supply a deficiency of 
70 feet. 

These beds belong to what I have hero termed the Upper Group. 
They are succeeded on the north, according to Dr. Holl, by trap- 
rock, micaceous and hornblendic schists, and fine-grained gneissio 
rocks with subordinate bands of hornblende-schist. Then follows- 
what I conceiye to be another, hut a minor, fold, viz. : — 


ft. 

Hiorite, rich in hornblende, with small quartzo- 

felspathic veins 22 

Schist 3 

Hiorite, rich in hornblende, with many quartzo- 
felspatliic veins 25 


Here, then, judging by the approximate thicknesses, we have in 
all probahilit]^ a repetition by flexure. 

If the coarsely crystalline rocks forming the northern part o£ 
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Bwlnyard’s Hill be a re-^mergence of the beds forming the Wor- 
cestershire Beacon, it then becomes interesting to compare the 
immediately superincumbent rocks in the Herefordshire Beacon and 
those in the tract lying between the Wych and the Worcestershire 
Beacon ; and wo may, for this i)urpose take Dr. Holl’s statements 
as a close ai)proximation to the truth. 

In the Herofordsliire Beacon he records the presence of gnoissic 
rocks, both hornblendic and micaceous, mica-schists, hornblendic 
rock, and large granite veins. 

From the Wych to halfway up the southern slope of the 
Worcestershire Beacon he also notes the occurrence of mica-schists, 
hornblende-schists, gjieissic rocks, diorites, granitoid rocks, and 
granite veins. In this series, out of a roughly paced distance of 
077 yards, about 4o0 yards consists of rocks described as schistose 
and gnoissic, and it therefore seems quite possible that thej' are 
the northern representatives of the rocks forming the Herefordshire 
Beacon, which, as already mentioned, may j)robably be referred to 
the upper part of the l^ower and the lower ])ortion of the Middle 
groups. In these questions of correlation I spt^ak with great difii- 
deuce and must disclaim any wish to dogmatize. I would rather 
swigest, leaving future observers to draw their own conclusions. 
Tie probability of the repetition of beds here indicated has gradually 
forced itself upon mo, both from field-work and in the endeavour to 
construct an intelligible section ^ through the range ; and, on 
reference to the latter, it will be seen that the elevations and sub- 
sidences of the larger rook-masses have, I think, often occurred 
somewhat unevenly, while, in addition to this, I believe that some 
of them have sunk more or less to the east or west during the 
movements which have shattered and faulted the ancient ridge. 

Throughout this paper I have spoken of the bands of gneiss, 
Bohist, and other rocks which constitute the chief mass of the 
Malvern Hills, as beds. This has been done partly for the sake of 
oonvonience and partly because the foliation of these rocks seems, as 
a rule, to be parallel to the divisional jilanes which appear, on the 
ground, to represent stratification. Aware of the difficulties which 
environ questions connected with foliation, I would, indeed, prefer 
to employ the expression divisional jda^ies in lieu of stratification, 
bedding, or any more precise term. Darwin, whose observations on 
this subject are, in the main, opposed to the assumption that direc- 
tions of foliation agree with those of bedding, has remarked that 
the strike of the foliation in most countries lies parallel to axes of 
elevation f ; but if the ridge of the Malvern hills be an axis of 
elevation, the general law which he here enunciates is apparently 
violated throughout a considerable part of the range. 

That such repeated change in the strike of the divisional planes 

The views of the late Professor Phillips, although given in considerable 
detail in the Memoirs of the Geological Survey, are simply expressed on the 
published sections by a wash of vermilion. 

t ‘Geological Observations on South America,* 1846, p. <166. See also 
Borope*# ^ Volcanos,* 2nd ed. 1^2, p. 299. 
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may have been brought about by the faulting of rocks in which 
there may have been once a persistently uniform strike, is, however, 
a possibility not unworthy of consideration*. On the other hand, 
the arguments in favour of the divisional planes being old planes of 
bedding appear to rest on the parallelism of the foliation to the 
divisional planes, on the seeming interstratification of rocks which 
exhibit no foliation, on the marked differences in texture shown by 
adjacent bauds or beds, and also on the differences which occur in 
their respective mineral constitution. If we assume these rocks to 
be metamorphosed sediments, it follows that they v^ero originally 
bedded, but it does not necessarily follow that they were all sub- 
sequently affected by cleavage ; and wo do not therefore seem 
justified in the inference that the foliation in this case is parallel to 
structural planes which niai/ have existed, to the exclusion of the 
possibility that it may be parallel to others which, if the rocks bo 
metamorphosed sediments, we feel assured did exist f. 

The reference of cases of more or less advanced metamorphism, 
and the accompanying phenomenon of foliation, to the shearing or 
creeping movement. of one rock-mass over another, may induce many 
to search in the Malvern range for cvidejiccs of disturbance other 
than those already mapped as faults. Pending the result of such 
inquiries, it seems better to leave one’s mind in a receptive state 
than to crowd it with ojunions of questionable value. 

In the meanwhile strikes and dips indicate the directions and 
inclinations of structural pianos ; but whether those planes denote an 
original stratification is an open question and one upon which it 
seems unsafe to express any decided ox>inion. 

The upheavals and plications which the older rocks have undergone 
render it more than likely that in many instances the steeply 
inclined planes of foliation do actually agree with steeply and 
similarly inclined planes of original stratification in rocks in which 
cleavage has not been induced, at least to some extent and along 
partillcl portions of folds. On the other hand, the facts recorded by 
good and competent observers show that in a great number of cases 
unanswerable proof exists that often, over wide areas, the j»lanes of 
foliation agree with planes of cleavage, and do not in any way 
eorresx)ond with planes of original stratification. 

Interbedded lavas and other orui)tivo rocks are also frequently 
present in most of the older formations, and it is therefore needful 
to remember this in accounting for some of the more strongly 
marked lithological diflTerences in contiguous bands. 

* The foliation was developed in the range before the faults were formed, 
since the faults cause marked changes in the direction of foliation. In de* 
scribing the old ridge of the Malvern Hills as an axis of elevation, we are 
probably expressing merely a partial truth, since the ridge is, most likely, only 
an upcast pprtion of an axis of elevation, disrupted by north and south 
fissures. 

t The late David Forbes considered that the direction of foliation agreed in 
all cases with the planes of least resistance, whether planes of stratification or 
cleavage, or, in eruptive rocks, with “ strife of fusion.” (“ The Structure of Book 
Masses,” Popular lienee Beview, voL x. p. 236.) 
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Again, we must remember that cleavage' and other supierindnced 
structural planes do not bound any marked differences in texture or,, 
more especially, in mineral constitution, unless they agree with 
planes of stratification ; and this appears to be a matter worth some 
consideration, for, if foliation invariably agree with planes which 
are not planes of stratification or lamination, we have to account 
for the very marked differences in texture and often in mineral 
constitution which are frequently met witli in motamorphic rocks, 
and which certainly simulate, oven if they do not actually represent^ 
bedding. In a district such as the Malverns it is most easy to bo 
led astray by a])pearances, and amid the many tempting possibilities 
which i)rescnt themselves a wrong one ma}^ be chosen. It may bo 
that I have done so in treating these gueissic and schistose bands 
as stratified beds of rock ; but, if so, the error begins and ends with 
the treatment.; for although 1 am inclined to believe that the 
divisional jfianes, with wliich the foliation appears to bo parallel, 
may be pianos of original stratification, and, although I have based 
the accomi)auying section upon vsuch a possibility, I regard theso 
planes for the present merely as structural jdanes of some sort^ 
between which tlie rocks exhibit divers lithological characters 


Note to accompany the Plans and Section. 

For the sake of clearness two plans are given in juxttqjosition, on 
ono of which, fig. 2, onl)^ the faults are shown. Those given on 
Dr. lloll's map are rei)re8ented by continuous thick linos, while my 
own extensions of them are iudicuted by dotted lines. The outcroi>s 
of the Upper Llandovery beds and the 'VVoolliope limestone on the 
western fiank of the range serve to show the direction of the dis- 
placements produced by some of tlieso faults. 

On the other jilan, tig. 1, strikt's Jind dips as well as faults are 
represented, those strikes recorded by Dr. Holl being shown by 
continuous strokes, while those wliich I have added from observa- 
tions made on tho ground are denoted by dotted lines. The 
accompanying section (fig. li) must he regarded as more or less dia- 
grammatic, its purpose being to illustrate the views put forward in 
this paper concerning the (jencral structure of tho range. 

To render the section less confused, tho trap-dykes and the 
numerous granite or iKJgmatite veins which have been described 
are omitted, since altliongh there is abundant evidence that some of 
them are intrusive, it seems by no means certain that many of 
those which follow the general strike of the beds do not actually 
belong to the gneissic series in which they occur. 

* During the completion of the first part of this paper, in which the work 
of Dr. Harvey D. is so frequently cited, came the sad intelligence that 

that skilled geologist had been taken from our ranks. 

He leaves to us in hia writinga a lasting memorial of conscimitious research. 
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The greatest vertical displacement indicated in the section is 
■connected with the £anlt which crosses Swinyard’s Hill, and, as 
4rawn, it would a^jpear to be about 3000 feet ; but it is very 
probable that this amount of throw may be divided between this 
and two other possible faults, one of which may occur in Phillips’s 
“ Silurian pass ” on the north of Swinyard’s Hill, while the other 
may bo situated in “ Tlie Gullet ” between Swinyard’s Hill and 
Hidsummer Hill. This view derives some support from a statement 
made by Hr. Holl to the effect that “ the several passes which 
divide the chain of the hills at intervals arc probably, some of them 
at least, determined b}’’ lines of fault, as the direction of the strike 
of the rocks on opposite sides of these passes is, in some cases, 
abruptly altered ” 

No sharp demarcations occur between tho Upper, Middle, and 
Jjower Archflpan groups which I have her(i ventured to propose. 
The very existence of any one of these groups depends upon tho 
predominance or paucity of schistose bods, upon characters dej^^udont 
upon coarseness of crj^staliine structun;, thickness of bedding, and, 
in fact, ui)on the <jeueml nature of the rocks which constitute each 
group. 


Part 1 1. 

0)X the lioclcs of the JJalvcrn IJilh, 

In the first part of this ]iaj»(‘r the general structure of the 
MCalvern Range was considered ; hut, at tho time it was written, I 
had not microscopically examined the rocks which wore collected 
during my stay in that district. 

The details of this microscopic oxaminatifm mainly constitute 
the second jiart of this paper : and 1 may boro state that the micro- 
scopic evidence docs not appear to me to disagree in any important 
respect with the views advanced in the earlier communication, except 
that truly eruj)tive rocks are more plent iful in tho range than I had 
at first imagined. The following details relate to specimens which 
were selected as typical : — 

No. 1. North Hill. Largest quarry on North face of hill . — Coarsely 
ciy’stalline rock, consisting of pinkish -brown or flesh-coloured 
felspar, black hornblende, small scales of dark mica, and some 
quartz. This rock shows very coarse and strongly marked folia- 
tion, the hornblende and mica forming irregular and somewhat 
lenticular streaks, which arc often an inch or more in breadth 
and are rudely parallel ; hut the bands do not appear to be con- 
tinuous, as a rule, for any great distance, and a band frequently 
thins out altogether. This is the coarsest example of foliation I 
have met with in the Malvern range. Under tho microscope some 
of the larger felspar-crystals are seen to be microcline, the twin- 
lamellse crossing approidmately at right angles and undergoing 
maximum extinction when rotated 15^. Orthoclase twinned on the 


Op, cit, p. 95. 
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0aTlsba4 type is also present, and, judging from the angles of 
extinction, there is more or less andesine. Apatite crystals aro 
numerous, and magnetite is also plentiful, occasionally in octahedra, 
but mostly in irregularly shajxjd patches. Quartz is plentiful, and 
it contains great numbers of fluid lacuntc which frequently lie in 
more or less well-defined hands, an arrangement which is probably 
due to pressure, as pointed out by Prof. Judd in the quartz-grains 
of certain crushed quartzite-pebbles ; but in this rock the stresses 
have been exerted in so many diflcrent directions, owing to the 
coarsely crystalline and mixed mineral constitution of the rock, that 
the bands of lacunae seldom exhibit any approximate parallelism, 
except in one and the same crystal. The bubbles contained in the 
liquid of many of these lacunie exhibit spontaneous movement. A 
bubble in one of the largest lacunae shows this spontaneous motion 
very perfectly, and the drawing (PI. XXI. fig. 8) roughly indicates 
the course which it followed while watched for about a minute. 
Occasionally well-formed tabular crj’stals of specular iron occur in 
the quartz. The apatite crystals lie within crystals of hornblende 
' and quartz and also within patch<ss of magnetite, and evidently 
represent the first-formed constituents of the rock. 

PI. XTX. fig. 1 shows the coarsely crystalline character of this rock. 
Oh the right, a portion of a large crystal of hornblende is represented, 
v^th a few included crystals of apatite ; the remainder of the figure 
riiows portions of felspar-crystals and some interstitial quartz. The 
rook is a foliated quartz-syenite or hornblendic granite. The paucity 
of mica, however, hardly entitles it to the latter name. Gneissic 
quartz-syenite is, perhaps, the most appropriate term to apply to it. 

No. 2, North Hill, Lary H qnarn^. North face of the hill , — A 
rather finely crystalline dark g cenish-grey rock, with pale greenish- 
grey streaks varying from a mil.^metre to a centimetre in breadth. 
This banding' is sometimes very oven and parallel, the rock splitting 
more or Joss readily along the pale greenish bands. In places the 
bands are less regular and hare a tendency to branch. 

Under the microscoj^e the pale greenish streaks are seen to con- 
sist in great part of epidote, which has probably resulted from the 
alteration of hornblende. Some green magnesian mica is also 
present. The section contains one crystal in which the change of 
the hornblende has only been partially effected, portions still showing 
the characteristic cleavage and strong pleochroism. 

Much of the felspar appears, from the extinction-angles, to be 
labradorite. Quartz is present in irregular patches, and contains 
numerous fluid lacunas, generally ranged in lines, which, however, , 
do not correspond in direction in the different ciy stals. The section 
also shows some good crystals of a})atite. There are some portions 
of the preparation, consisting possibly of cordierite, which have been 
altered into a mass of minute fibrous crystals, irregularly felted, and 
allowing, although colourless, strong absorption of light. Their 
extinctioji indicates that they are rhombic, and it is probable that 
they axe sillimanite or nalxolite. Magnetite is present, but only 
in small quantity. 
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An especially noteworthy point is the great difference in texture 
between this rock and the rocjts with which it is associated. The 
latter are very coarsely crystalline and extremelj^ rich in horn- 
blende. This rock, on the contrary, is of much finer texture, and 
one of its chief constituents is epidote, a mineral of secondary' origin. 
Tlie fibrous alteration-product alread}' mentioned (siliimauite or 
natrolite) chiefly characterizes those particular bands in the section 
which give the foliated appearance to the specimen. 

There is no elongation of the (juartz- and other constituent erj’s- 
tals to indicate that the banding of the rock is due to stresses and 
earth-movements, which in some cases are known to induce foliation 
and schistose structure in eru])tive rocks, and it seems by no means 
improbable that this rock, in its earlier condition, possessed such 
banded structure as now exists in it (Tl. XIX. fig. 2), and that this 
banding resulted from the accumulation of hornhlendo &c. in certain 
planes These, 1 believe, were jdanes of stratification ; and I am 
disposed to regard the rock provisionally as a higldy altered sedi- 
mentary deposit or an altered and bedded volcanic tuff. Indeed, 
it seems very probable that in the earlier i)eriods of the earth’s 
history, when sedimentary rocks must necessarily have formed a 
far smaller proportion of the earth's crust than they do now, the 
products of denudation were chiefly derived from rocks of an erup- 
tive type, and deposits formed of such materials would approximate 
more or less closely in mineral constitution to beds composed of 
truly volcanic ejcctamenta. The sedimentary rooks of later date 
consist, in gi-eat part, of partially decomposed and triturated mate- 
rials derived from the repeated partial decomposition and trituration 
of rock, and there is, consequently, less probability now of the 
sedimentary deposits resembling volcanic tuffs than there was in 
Archaean times. 

The minute structure of the rock is not gneissic or schistose, and 
its fissile character is dependent upon the layers of epidote, which 
give it its banded appearance. 

No. 3. North Hill, Easternmost qnarry on North side . — This is a 
coarsely crystalline rock apparently consisting of black hornblende 
and flesh-coloured felspar, and in which traces of foliation are only 
perceptible in large specimens. 

Under the microscope the rock is seen to consist of hornblende, 
triclinic felspars, magnetite, and apatite. The felspars are mostly, 
if not exclusively, triclinic, and are, as a rule, more or less altered 
by the development cither of fclsitic microcrystallino matter, or by 
minute scales, with here and there elongated negative cry^stals 
sometimes filled with decomposition-products. In one of these 
cavities a bubble is perceptible. All these results of alteration 
follow, as a rule, the direction of twin-lamella), although at times 

* In accordance •vrith what is stated in the concluding pages of this paper, I 
may add that it is possible that such a rock might result f^roin the crushing and 
chernical alteration of a diorite ; and the proximity of diorite would lend 
support to this view. The microscopic evidence does not, bowever, appear to 
favour such an hypothesis . — dum 28 , 1887 . 
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IDhese alterations are evidently similar to those described by 
Prof. Judd under the term Schillerizatlon ” ♦ ; and it would 
have been superfluous to figure them, since Ifee examples are admi- 
rably delineated in pi. x., vol. xli. of this ^umal. By reflected 
light some of these alteration-bands appear A a pale greyish-white 
4K)lour ; they are more opaque than the unaltejted parts of the felspar, 
and it seems highly probable that the minute, ffcales, which in great 
measure made up these bands, are kaolin. 

In one or two cases the felspar crj stals appear to undergo parallel 
extinction ; and bearing in mind the low extmetion-angles of some 
of the triclinic felspars, notably in basal sections of oligoclase and 
andesino, 1 have felt some doubt in referring such^ crystals to ortho- 
olase or to a micro-perthitic growth of that mineral with another 
fedspar. There api)oars to be no perceptible change of tint when a 
K-loin’s plate is employed, and it seems possible the very regular 
parallel bauds of decomposition-products may, in this case, ho fol- 
lowing a direction of cleavage in a monoclinic ory»tal. Duo pre- 
caution was of couTso taken to insure the accurate eftossing of the 
nicols. T am, howe\or, still doubtful whether theee crystals can 
bo regarded as orthoclase. Homo of the felspars, infeed a large 
proportion of them, ap])ear, from their cximction-anglee, to he labra- 
dorite. Twinning on both the albite and perioline *-ypes may 
Bomotimes bo met with in the b<inio crystal. Little or no quartz is 
prcflont, and the rock may be regarded mincralogioaUy fit diorite, 
l>otrologically as a gneissic diorito or liornbleridic ^eiss The 
foliation of the rock is scarcely evid^nit in tlie microscopio liection, 
except in one or two places uhero tlie smaller hornblende C-ystals 
show a toiuloncy to form short and irrcffulai b.ands ( J’J. XUSl, Dg. 3). 
7’Jio dioritic eh tract er of the lo'ks of the A’^orth llill was duly 
recognized more than twenty years agu b\ Dr. Ilarrey Ji. IloUf. 

No. 4. Koi'fh IhU. Hasttrumost f/u<irrff^ Xorth md . — X Very 
coarsidy cry-^tallino rock con'-.isiing of Itlackish-grceii erj stale of hbrn- 
blendo, ranging from a quarter of an incli in diameter to smaller 
dimensions, and flosh-ved ielspar. 7’his is one of the most coarsely 
crj stallino and profnsoU hornblendic rocks in the whole range, v 
Under the mieroscopt* the larger prt>portioii of the rock is seen 
consist, of horiiblondo in large crystals, which by transmitted ligh'^ 
appear of a green colour, d'ho pleoehroism is strong and the 
eloavages are well defined. Their boundaries are, however, irre- 
gular, as are thoso of the felspar crystals. T'ho latter have under- 
gone much alteration, so that it is difficult to ascertain their optical 
charaej^rs. Homo of them, however, are plagioclastic and tolerably 

* “ On the Tertiary and Older Pertdotit«8 of Scotland,** Quart. Joum. Geol. 
Boo, vok xU. p. 376. 

t On the Goologioal Struoture of the IColyem Hills ” &o., Quart. Journ, 
.Oeol. Soo. toL xsi. p. 83. 
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eontaiaiog fluid-eacloaures ; but tbe latter miueral forma euly a Veiy 
amall proportion of the rook, just enough to entitle it to name 
of quarte-diorite, Takiug^ the coarsely crystalline structure of the 
rock into account^ it should, perhaps, rather be termed a hornblende* 
gabbro. It does not appear to be foliated, and is probably an 
intrusive rock. PL XIX. fig. 4 shows portions of the large horn- 
blende and felspar crj'stals as seen by ordinary transmitted light and 
magnified 55 diameters. , 

Xo. 5. North Hilly near the topy South side. — A rather coarsely 
crystalline dark iron-grey rock, consisting apparently of hornblende 
and felspar crystals, the former being, as a rule, the larger. The 
specimen exerts a moderately strong attraction when brought near 
tiio magnetic needle. 

Under the microscope it is seen to consist of horiiblendo, triclinio 
f<dspars, magnetite, and apatite. The felspar, judging from its 
extinction-angles, is in most cases lalmidorite. It is considerably 
altered, as a rule, esjjccially on the borders of the crystals where 
they abut against tluj horiiblendo, into a microerystalliue-graiiular 
material, probably felsitic. 

The magnetite occurs in octahedra and in irregularly-shaped 
patches, the apatite in woll-detined cr^’stals. 

There is no sign of foliation, either in the s]>ecimeu or in the 
microscopic preparation. (Tuartz appears to be absent ; and the 
rock may he regarded as a good example of a dioriU’t. 

Xo. 0. North JilU (top). — A rather line-grained, pinkish, granitic- 
looking rock, showing slight foliation. 

Under the micr<jscope the section shows felspar, quartz, horn- 
blende, magnetite, apiitito, and kaolin. 

The felspars appear to be, in part at least, iriclinic, but as a rule 
they are much decomposed. A very little mica may he present. 
The rock is essentially a quartz-syenite or hornblendic granite 
(IT. XX. fig. 1). Tlicre is no evidence to show that it is a raeta- 
nior]>hic rock. From its rattier fine texture it may he regarded as 
an intrusive sheet or dyke of no great extent. 

Xo. 7. North IJ ill. jo fit south ofJitf /S'm/* 7^ot'7c (hemth-mark). — A 
verj* fine-grained dark-grey rock, re.scnib]ing the Avhin of Mio Xorth 
of England in general appearance. 

Under the microseojie the felspars show the twin-lamellation 
characteristic of triclinic fidspars, and the greater number of the 
sections give extinctions of between 5"^ and (>° and between 15' and 
16°. It would appear therefore that the dominant, if not the only, 
felspar is lahradorite. The other constituents are hornblende, mag- 
netite, and apatite. The ajiatite occurs in well-formed hexagonal 
prisms*, the hombleiide in crystals which exhibit no regular boun- 
daries, while the magnetite, which is plentiful, occurs in octahedra 
or in irregular patches. Some opaijue white matter is also present; 

* A group of seven iadividuals occurring in this rock is shown in PI. XAX. 

ifig. 9. 

a. J. G. S. Jso. 171 2 L 
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it results from the decomposition of the felspar, and is probabljr 
kaolin. 

The rock is a diorite (PI. XIX. fig. 5). 

No. 8, Quarry jvM above Weat Malvern OhurcJi. — A greenish- 
grey gneissic-looking rock, with very minute micaceous scales. The 
rock varies in texture, pinkish felspar occurring in some of the 
bands in rather coarse crj’stals. 

Under the microscope the chief constituents ore seen to bo tri- 
clinic felspars, biotite, opidote, apatite, a little quartz, and several 
decomposition-jiroducts. The.biotite a])pearH, by transmitted light, 
to be mostly of a sea-green colour. The fel8])ar6 often contain great 
numbers of crystals, frc<|uently mere microlitbs, which undergo 
parallel extinction and are probably mesotype. The rock is a mica- 
ceous gneiss. 

No. 9. Quarry just above Malvern ( liurvh , — A foliated rock, 

consisting of flesh-coloured and narrow dark- greenish bands. The 
former api>ear to be chiefly felsi)ar, 8ometiin(‘s showing crystals a 
quarter of an inch in length. 

Under the microscope the rock is seen to be com]>OBed of micro- 
clinc in large crystals without any regular boundaries, and showing 
the characteristic crossed twin-lamellation very distinctly, with the 
usual oxtinctiofi-angles ; tjuartz, biotite forming thin irregular bands 
which mark the folintitui of tlu^ rock, a litt le epidoto and irregularly 
shaped and s})arsely distribtited grains of magnetite or titaniforous 
iron, probably the latter, as the grains arc' sometimes surrounded 
by an opaque, yellowisli-Avhiie substance, wliieh may bo Icucoxene. 
Til general terms the rock may be designated biotite-guciss. The 
foliation is shown in J’l. XIX. fig. G. 

No. 10. Lanje yuarry { Lriybfon\'^') at the tuoulh of the Duiyley 
hetweni the orcef^tc n^hirr Jlrarou anti Xortb Hill. — A fine-grained, 
bluish-grey, ciystalline rock, resembling u bin, and showing a few 
minute sjH*eks of ]>yrites. The sjjocimen selected is an average 
8ami>le of the stone now being quarried for road-metal. The rock 
strongly attracts the magnetic needle. 

Urider the microscope it app(^*lrs to consist of palc-grecu horn- 
blende considerably altered (but crystals occasionally give an 
extinction-angle of 10° from the vertical axis), biotite, lath-shaped 
crystals of felsj)ar much decomposed, but some tolerably fresh, 
showing micro-pegmatitic structure, and others twin-lamellEO in 
•which the extinctions indicate labradorite. Miignetite is plentiful, 
and there is a little pyrites. The biotite is of a green colour ; and 
it is a matter of some difficulty to distinguish between it and the 
hornblcqde, as they are often intimately associated. The rock is 
apparently an alteivd mica-diorite (PI. XIX. fig. 7). 

No.Il. Bearon. i^orili side ne^v the summit. — Avery 

fine-grained pale pinkish-grey crystalline rock resembling elvan or 
grannlite. fkHsn under a t>ocket-lons it appears to consist of pinkish 
felspar, quartz., and minute deep-red grains which are seemingly 
garnets. Under the microsoope the constituents are seen to be those 
already enumerated. The grains composing the rock are all of them 
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irregular in form and appear to be bound together by a crjpto- 
cryst-allino cementing materiiil. The felspar appears to bo orthoclase ; 
the garnets are only to be recognized by their isotropy, while the 
quartz contains numerous fluid laeunie, some of them with bubbles 
which exhibit spontaneous movement when examinbd under a power 
of alwut 800 linear. 

The rock is a granulitc and, in common with rocks of this class, 
is remarkttbl}' tough under the hammer. I^ortion of a thin section 
as it appears between crossed nicols and magnified linear is 
shown in PI. XIX. fig. 8. 

No. 12. IVorcef^fershire Beacon. \orth .tiile near sinnintt . — A 
granitic -looking rock, coarsely crystalline and aj)parently ooniposcd 
of (|uartz, pink felspar, and mica. 

Under th(’ mierosco]»e the constituents are seen to ho microeline,. 
quartz, hiolite, and ajjatite. Hero and there a little lirnrnnto and 
specular iron occurs : one or two sniall crystals of hornbleiulo may 
be seen, in which the angle c : c is exceptionally' large, being over 
30'’. Tlie ])leochroisni is somewhat distinct. The biotite, when 
examined unrlor a tolerably high ]>ower, is found to bo s]»otted with 
stains and patches of ferric oxide', and in some place's scales of 
specular iron are developed. In other cases s])icular bodies which, 
w'hcn magnified about 800 diameters, are to consist of strings 
of glohulites masst'd in small faseicudi a}>])ear dark and opacpio 
except towards their ends, where their component globuHtic strings 
are frayed out and the glohnlites are seen to bo translucent. These 
glohulitic crystals, for as such they may he regardtul, probably 
represent an early stage in the develo^uncnt of Horno such mineral 
as hornblende. Furthermore, they inters<^ct at angles of in 
basal sections ot the hiotitc, and evidently li(i in the directions of 
the throe lines wliich form the pereiission-tigure of this mica. In 
sections normal or oblitjue to the cleavage of the biotite they appear 
merely as dark lines wliich follow the cleavrige-planes. There is a 
certain resemhlanee in this arrangement wliieli recalls the well- 
known crystals of specidar iron in the Pennshnry mica, but the 
latter have sharjdy defined houTidaries. Crystals and scales of 
specular iron also occur in the biotite of this Malvern rock, asso- 
ciated and sometimes in contact with the glohulitic crystallites 
just descrilied ; but here, too, the spi cular iron cxhiliits sharply 
defined boundaries, and there is no doubt that whatever tho glohulitic 
bodies may be, they reiiresenfc the incipient development of some 
mineral which retains any iron it may contain in the protoxide 
state, since the glohnlites are either colourless or pale green ; but^ 
since the surrounding biotite is of a green colour, it is difficult to 
say what their colour would be by transmitted light, if isolated. • By 
reflected light the opaque portions of these cry stallites, where tho 
globulites have become densely packed, appear of a pale green or 
greenish white. A drawing of some of them, as seen by substage 
illumination and magnified 850 linear, is given in PI. XXI. fig. 0. 

The rock is granite. Portion of the section magnified 18 linear 
is shown in PI. XX. fig. 2. 
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IS’o. 13. Worcestershire Beacon. North side of summit , — A greenisb- 
jpJOy crystaUine rook, apparently composed to a large extent of Imm- 
crystals varying from about 2 millim. to smaUor dimensions, 
the micros^cope it is seen to consist of hornblende, decomposed 
f l^pars, apatite, and magnetite. The hornblende is very fresh. The 
idwtrages are weU defined and the pleochroism strong ; ass=brownish- 

J eliow, 5 s* dark brownish-green, c=bluish-green. The felspars sxo 
a too advanced a stage of decomposition to admit of any determi- 
nation, but a few of them show faint indications of twin-lamellation. 
The magnetite occurs in irregular grains (PI. XX. fig. 3). 

The rock is possibly a syenite, probably a diorite. The altered 
condition of the felspar precludes a decided opinion. 

Xo. 14. Worceafer shire Beacon, Summit . — A crystalline rock 
apparently composed of dark green crystals of hornblende and 
pinkish-groy fclspjir. 

Under the microHCO[)e the constituents are found to be hornblende, 
tri clinic felsjmrs -which show the extinction-angles of labradorite, 
apatite and magnetite. A little quartiJ is also present, but it certainly 
cannot bo regarded <jls an essential constituent of the rock, which is 
a diorite. '^flie sc'ction shows no traces of foliation. It is an erup- 
tive rock, and its general a]>pearance in situ is that of a vertical 
dyke aV)out 18 inches to 2 f(‘et broad. 

Portion of a section magnified 18 linear is shown in PI. XX. fig. 4, 
as soon betweem crossed nieols. 

No. 15. Word ster shirt Beaion. Xorth side of snmtnli. — A very 
fine-grained, ]>nlo Idui^li-grej crystalline rock. Epidote in small 
grains, triclinic felspar, quart/, and sparsely disbemin.itcd grains of 
magnetite apjiear, nndcr tlie microscope, to be the e]ii«‘f c(mstitucnts 
of this rock (1*1. NX. fig. 5). Ueie and there a faintly defined linear 
arrangement of tho ei)idoto may he se(*n, as shown in the drawing, 
but it can hardlv bo regarded as foliation. I'hc rock is j^robably 
an altcrcul qu jrt/ -diorite, hut it may, in its present condition, be 
looked upon almost as ejudosite. 

No. I(». Iftnfordshlre lUacon. North sld(\ uear fo^t of ancient 
British (\un/f. — A fine-grained cr\st<dline greenish-gre^y rock with 
small blackish-grcM'ii i)orj)h> ritic crystals. Under tlie microscope 
the latt(T are seen to bo hornblende, and ragged fibrous-looking 
crystals of this mineral appear to constitute a large proportion of 
the rock and, from their arrangement, to give rise to a wavy and 
faintly foliated structure (PI. XX. fig. <i). ;^^inuto granular crystals 
of epidote are plentiful, while patches of magnetite, often accom- 
panied by a little ha'matite, are common. The remainder of the 
eootion appears to consist of lel8])ar, for tho most part decomposed. 

Judging from tho general appearance of the rock under the 
microscope, it seems highly probable that it is an altered diabase or 
andesite tuff; but it is also jiossible that the foliation in this, as in 
some other cases, may ho due to shearing. 

No. 17. Hertfordshire Beacon. North side, near top of British 
Camp . — Dark blui6h-grey to reddish-brown crystalline rook, show- 
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ing, on a cut surface, small reddishobrcwn and greyish-white 
blotches on a dark bluish-grey ground. 

Hornblende, triclinic felspars, quartz, epidote, apatite, and a little 
pyrites and chlorite appear, under the miciusoopo, to be the principal 
constituents of this rock. 

Some of the felspars, judging from their extinction-angles, are 
labradorite, while others occasionally give an extinction -angle of 
89°, and must consequently be referred to anorthite. Tho horn- 
blende appears of a pale green colour by transmitted light ; it occurs 
in irregularly bounded crystals which show the characteristic cleavage. 
The epidote occurs in moderate-sized crystals and in small grains. 
The quartz has segregated so as to form distinct bands, which 
alternate with the very irregular bands of hornblende, epidote, &o., 
through which more or less quartz is also disseminated. 

It is difficult to assign any precise origin to this rock ; it might 
quite well have resulted from the degradation of syenitic rocks or 
hornblendic gneiss. It may even be regarded as a fine-grained 
hornblendic gneiss, and it is to the latter rock that J am inclined pro- 
visionally to refer it. Its general appeanince hy ordiimry transmitted 
light under an amplification of 18 linear is shown in IM. XX. fig. 7. 

No. l8, Jfen fordshire Beacon. Vlo^e 1o and on the tveat of the 
Cave . — Ilathcr coarsely crystalline daik groenisli-grey rock resom- 
bling basalt. 

Under the micToscoi>e the confi>iituents are seem to be augito, 
triclinic felspars, a])atile, pyrites, and serpentine (PI. XX. fig. 8). 
Tho crystals of augite are occasionally over inch in length. Tho 
characteristic, almost rectangularly-iiitersocting cleavagc^s may bo 
seen in the basal sections. The crystals arc intt'isocled hy strortg 
and very irregular fissures, frequiuitly accompanied by i>eroxido 
of iron, which communicates a rusty stain to the augito for 
a slight distance bordering tho cracks. Here and there minute 
scales of specular iron may also he st'cn lying within the substance 
of tho augite. In sections parallel to 01 P tho incasiircineiits of the 
extinctioji c : c vary but little from 88°. TIiobu augiUi-crystals 
barely exhibit a trace of jdeochroism. The fels})arH show by their 
extinction-angles that some of them are labradorite, wliile others, 
and those perhaps tlie more numerous, are aiiortliite. The latter 
show, as a rule, less twin-lamcllation than the labradorite, and the 
extinction-angle measured in four or five sections is 87 and some- 
times 38°. Pale green patches of serpentine arc comraori in the rock 
and probably result from the alteration of olivine. No distinct forms 
which can be referred to crystals of olivine, however, ar(j to be met 
with in the preparation. Tho pyrites occur in very irregularly-shaped 
patches often traversed hy a labyrinth of channels and generally 
veiy' much cut up hy branching cracks, which, when seen by reflected 
light, appear to be filled with haematite, while the pyrites is very 
frequently seen to be intimately associated with magnetite, the 
latter mineral always enveloping the pyrites. Prom its mineral 
constitution the rock apj)ears to be relat^ to eucrite. 

An analysis of a rock from the same locality, no doubt the same 
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rdek, lias l)een given by tbe Bev. J. H. Timins (an alysis xxxvii.^ 
This analysis is subjoined, together with one of eucrite lava from 
Thjdrsd in Iceland f ; — 



Silica. 

''■'"“'“'‘•IfiTdCT. 

Lime. 

Magnesia. 

1 
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Til tlie first analysis traces of oxides of manganese and copper are 
recordcid, and in tlie latter analysis traces of manganese, cobalt, 
and nickel. In tlic latter analysis, also, tbe iron is all in the 
jirotoxido condition, and the alkalies are given as Na.^O = l‘24 and 
K./) = 0*2(). 

Mr. Timins t staled that the subject of bis analysis contained a 
few grains of oliviin* and a little (juartz in cavities. He also adds, 
“ 1‘arts of this rock rc'seniblo tbe matrix of tbe Java of tbe Capo di 
Hove near Home. In its chemical composition it nearly corresponds 
with that which Hunsen gives for the ‘JS’ormal Aiigite'§ of 
Iceland. Notwithstanding its occurrence in regular beds, its mine- 
ralogical character and its chemical composition make it probable 
that it has over the suifiure."' 

It is gratifying to find the miiuTal constitution of this rock, as 
revealed by the uiierositope, so well in accord with the results of 
Mr. Timius's analysis made twenly years ago. 

The rock is eiicrito- or anorthite-hasalt. 

Tbe eucrite lava of Thjdrsii, tlie analysis of wbicb 1 have here 
employed for eonipaiison, is cited by Von l^asaulx - as an example 
of a true ein'ritc, and there seems, therefore, good reason to acecjib the 
analysis given by Kalkowsky as typical, ^’lie latter authority does 
not consider tbe term eucrite Avell chosen, and dejirecates its use. 

No. 1 1). J/ert’/orffsJiire Jieacou. East sUfe, at the hade of the Cave , — 
Tory fine-grained bluish-grey apbanitic rock. Under tlie microscope 
it is seen to consist of felsjiars, cliiefiy labradorite, augite, titani- 
ferous iron, leucoxoiie, and pyrites in exceedingly minute specks. 

The section is traversed by a sraiill vein of ei>idoto enveloping 
fragments of the adjacent rock and also a little quartz. 

The augite ajipears iii irregular grains, few distinctly formed 
crystals being visible. 

The felspars occur in Inth-sbapcd crystals, generally corroded and 
frequently bent (PI. XXI, figs. 4 & 5), There is much opaque 

♦ “Oa the Cbeiuical Geology of the Malvern Hills/’ Q. J. G. S. vol. xxiii. 
p. 358. 

t Kalkowsky, ‘ Elemente der Lithologie/ Heidelberg, 1886, p. 130. 

1 Op. c#Y. p. 350. 

I The name Augite was used synonymously with Basalt by some of the 
earlier writers, and is given, in this sen^ by J^inahau, “ Handy-Book of Bo 
JNamos,’ Xiondon, 1873, p. 73. 

I ’ Elemeute der Petrographie,* Bonn, 1875, p. 316. 
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'white matter in the section, which, as seen by substage illumination, 
is indicated by the darker parts in PI. XX. fig. 9. This is probably 
leucoxene, and it is generally associated with an opaque black 
mineral, which ma}*, consequentl}^ be regarded rather as ilmenite 
than as magnetite. The rock is a basalt. 

No. 20. At the hack of the Cave. Herefordshire Beacon^ overlooking 
Castle Morion Common . — A compact pinkish-brown to pale liver- 
brown rock of felsitic api)earance and not unlike some porcellanitos, 
with splintery to small wavy , almost conchoidal fracture, harder than 
steel, harder, at all events in part, than quartz, since the brilliant 
pyramidfil face of a quartz-erystal was distinctly scratched by sharp 
corners of the specimen. 

Under the microscope the rock is seen to be tilled with minute, 
sometimes irregularly-shaped, but generally m^arly sjherical granules 
with apparently a somewhat high refractive indc^x. 

The aspect of the section between crossed nieols is that of a felsite, 
and it api)ears that the feeble light transmitted under these conditions 
emanates from portions of the otherwise seomingl}* structureless parts 
of the ground-mass, since, as a rule, tlu' minute granules are appa- 
rently isotropic. It is, howevcT, ditlicjilt to sj)eak p(jsitiv<dy as to 
their absolute isotropy. Here and there crystals ranging from 
inch to smaller dimensions may be seen tathor isolated or in groups. 
They arc colourless and prismatic in habit. They are traversed 
iTansverscly to the axis of the* prism by linens which may rtq)rcsent 
a rather irregular cleavage. Hetween crt>sseel nieols they' undergo 
parallel or straight extinction, and maj' boU>ng to the rhombic 
system. 1 woulel very doubtfully refer thorn to toi)az. a supposition 
which is strongtheneid bj’ ilm analysis (xlii.) of the Itev. J. H. 
Timins* of a rock from the same locality, in contact with I'elstonc, in 
w’hich he elciectcd one per cent, of liydrotluoric acid. An interesting 
])oint connected with this rock is an obscure perlitic structure. In 
the first section examined it Avas not sufficiently well marke^d to 
oiiablo me to form a definite conclusion ; but since, in another 
section off the same specimen, a similar but better-marked structure 
(PI. XXI. tig. 7) has been observed, 1 no longer hesitate to describe 
the rock as a devitrified obsidian with perlitic structure. It may be 
the rock analyzed by Mr. Timins, No. xliii., described by him as 
felstone “ of a pink colour,*’ or No. xlv. “ Porcollanite, north-cast of 
the cave ” t. It is probably the latter, but both analyst's arc here 
transcribed : — 
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* ** On the Chemical Geology of the Malvern Hills, ” Q. J. G. S. voL xxiii. 
p. 360. 

t C^. cii. p. 360. 
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The percentage of alkaliea is, however, considerably lower than » 
tiaual in rocks of this class. 

The perlitio structure is chiefly rendered evident by the massing 
together of the minute granules already alluded to along ourv^ 
*){neft. This is indicated in the drawing which was made flrom a 
in the section which shows the structure best, as it firequently 
becomes very obscure, owing to the multitude of the granules, so 
that oftentimes no arrangement denoting perlitic structure can 
be traced. Even under favourable circumstances it is frequently 
nee<lful to examine the section attentively before the fact that 
this structure is present and pervades the entire section becomes 
evident to the obH(*rv<*r. The specimen was collected and labelled 
as likely to show perlitic structure. It does show it, but it is 
the most feeble demonstration of the structure that I have ever 
seen. It is interesting, however, as being the first indication of a 
vitreous rock in lh(' ^Malvern Itaiige hitherto recorded, and it may 
possibly ])clong to the same geological liorizon as the ])erlitic rocks 
of the Wrokin, first desCTii)cd by Mr. S. AU])ort 

Th<‘ s])ecinien is a mere surface-cln]>, and further search in the 
neighbourhood from which it was deiived would certainly yield 
better material for investigation and probaldy more satisfactory 
resultvs. 

The a]>parent banding sbow'ii in IM. XXI. bg. 7 is merely clue to 
alteration, ])roduced by tlu^ filtering of water along cracks result ing 
in a alight rusting; but tlu'se cracks, as shown in the dr;i wing, have 
boon faulted In olber minute fissures. 

Xo. 21. liolhihunJi Pttsa. fjnrtjf Qtturrt/ on North <ii(h of roa(f . — 
Average sample of the stone now'" (piarriiul. V(‘ry fiiie-giainod 
bluish-grin crjst.dline rock, strongly attuuls tbi' inngnetie needle, 
tinder a pocket -Jiais it sliow's here and tlu re n few’ scales of silvery 
mica. Its general ap])earance resonibles that of ver\ fine-errained 
wliin. Under the microscope tlie rock apjaair^ to consist of altered 
trielinio felM]>nrH, biotite, magnotite, and vaiions jiioduets of de- 
composition. The felsjairs, when tlieir i .tin(*ti<»n-angles can be 
made out, are appnientl\ labradorite, XumerouK but vein' small 
apatite crystals are visible; epidote and eblorite are ])resen1. The 
magnetite frequently occurs in octalicdia. wdiiclj mnv and then, liy 
their reentering angles, arc si'cn to lia\o a parallel groujdng. The 
general impression derived from an e.\nminatii>n of tliis rock under 
the microseojie is that it is a luueli-altered diabase. 

!No. 22. t^H'bnfanCs J/ifK (*o7n)n< ovtnteut of North < nd of thr rithjr. 
— A very coarsely crystalline rotk consisting of red felsi>ar in largo 
crj’stals, a grcciusb mica in small scales, and quartz in crystalline 
pellets, occasionally nearly half an inch in diami'ter. 

Under the microseopi' felspars are seen to be microcline and 
orthoelose, the former showing, in ]mlariyed light, the characteristic 
twin-lamelltt) intersecting aj>proximately at right angles, the angle 
of maximum extinction in basal sections being about 15"' from the 

Quart. Joum. Oeol. Soc. vol. xxxiii. p. 449, 
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direetions of tihe lamellsB. The orthodase also occurs iu Iwge 
crystids. One of those present in the section is twinned on the 
Carlsbad type. The mica is of a green colotir by transmitted light 
and the crystals are much smaller than those of the Jelspars* The 
quartz endoses great' numbers of fluid-lacunce containing bubbles. 
Ihese cavities are mostly ranged in lines or streams which appear 
to follow two general directions crossing at a high angle, which, 
however, varies, as the lines are rather wavy and sometimes eon verge. 
By carefully traversing the preparation under the microscoi)e it is 
seen that the directions of these streams of cavities are tolerably 
persistent in patches of quartz more or less widely separated, and it 
is possible that they may be approximately normal to two different 
directions of stress. The largo patches of quartz are seen in 
polarized light to he made u]> of smaller pal dies, each being an 
indmdual quartz- crystal ; 5 ^et the same stream of cavities will j>as8 
unbroken through many of these crystals, until, joining with other 
streams of cavities, it can no longer he trae(*d, or until it reaches 
the opposite side of the eoniposite area of (piartz. 

None of the component minerals exhihit any delinite ert'stalline 
forms. No apatite is present, but a few granules, ai>pareijtly of 
epidotc, arc visible. 

The rock is a coarse-grained granite or j^egmatito. 

No. Nitu'?7//u/v/\s' /////. Jilffheat j*oinf of iha rirhf <\ — A coarsely 
crystalline rock conqiOMod apparently of dai*k-green hornblende and 
})inkish-grey to greyish-white f(ds}iar, with a f(‘W minute seales of 
a silvery mica.. The chief const it utmt of llte rock, however, a]>pears 
to be hornblende in largo crystals. 

Under the microscope the constituents are seen to bo hornblende, 
tricliiiic fdsjiar, a colourless mica, epidote, natrolitc, and magnetite. 
Of these, hornhleudo .is by far tlm most im])ortant, constituting 
probably more than three fourths of the rock. I'he fels]>arK approxi- 
mate in their extinction-angles, in some cases to aiiclc.^^iue, in others 
to lahradorile ; hut tlie lainellm arc often bent. Th(*y are by no 
means nuineroiis, and exhibit lio wc]l-<lc‘lin(d crystalline form. 
Cl’he mica is colourless or of a verj^ pale greenish tijit \yhf'n viewed 
iu thin section by transmitted liglit. Both epidotc^ and nutgnetite 
occur in small irregularly-shaped grains. I'he riftirolifc is chiefi}^ 
met with in the tri(dinic felspars, in snj/ill prisms which polarize 
in brilliant colours, and, hetwcon crossed nicoLs, undergo straight 
extinction. Here and there minute scales of s])ccular iron of a 
bright orange-red colour may he scon in basal sections of the mica. 
In these sections only a portion of an hyperbola can be seen in 
convergent x>olarizcd light. 

The rock is a diorite, and was described as such by the late 
Br. Holl The Rev. J. K. Timins has also described it iu his 
paper t as “ containing hornblende, white felspar and silvery mica. 
The more micaceous and felspatbic x^^^rtion of the rock was 
analyzed.” The analysis is subjoined. 

* (^. cit. p. 77. Where he refers the felspar to oligoclase or andeaine. 

t Op. cU. pp. 363-364. Analysis he. 
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Silica «s 44*70. Aluminass 16*60. Oxide of Iron =8 *43. Oxide 
ef Manganese » 0*20. Lime = 9*92. Magnesia = 8*56. Loss on 
Ignition sss 2*68. Alkalies and 1^88=8*85. 

No. 24. SwinyarcVs hill. North side of highest point of ridge . — A 
remarkably coarsely-crystaUine rock composed of flesh-red felspar, 
dark green hornblende, and quartz. This and No. 22 are perhaps 
the most coarsely crystalline rocks in the whole of the Malvern 
Bange. 

Under the microscope by ordinary transmitted light the horn- 
blende appears of a greenish-brown colour, and some minute opaque 
brown flecks, seemingly of limonite, may here and there be seen in it.. 
The felspar-crystals arc mostly very large and exhibit no definite 
crystalline form, their boundaries being extremely irregular. Some 
of thorn are tolerably fresh, others considerabl}^ altered. One 
measurement gave iin oxtiriciion-augle of about 5°, another, but not 
a trustworthy one, about 12°. They are probably microcline. The 
quartz contains lluid-lacunm with bubbles. 

The rock is coarse hornblendic granite or quartz-syenite. 

No. 25. fSwingard's J/lll, Norik side of highest point, — A rather 
fine-grained, crystalline, diori tic-looking rock, apy>arently corai>osed 
of dark green hornblende ami a ])ale grey or ])iiikish-grey fels]>ar. 

Under tlu^ microscope thci hornblende appears to be the i>rincipal 
ooustituoiit ( PI. XX. tig. lU). Jt is of a bi’ownisb -green colour when 
viewed by transmitted light. Its pleocliroism is strong, o=pale 
brownish yellow, h- cofteo-brown, c greeiiisli brown. 

'Where moderately fresh, the extinct ion-angles of the felspars 
indicate that tht'y may he in some cases andesine, in others lahra- 
dorito ; but for tho most part the felspars are greatly decomj^osed, 
and no safe deductions can be formed coneeriiiiig them, except that 
they are trieliiiic. They a])pear, in most eases, to be replaced by 
natrolite. Uiiartz, containing minute Iluid-laciirue, is of common 
occuiTtmee in the section : but the grains are small, and it forms a 
oomparativoly insignificant proportion of the rock, which must be 
regarded as a diori to. 

No. 26, Swingard's Hill, jnsi Sunth of the summit. — A verj’^ dis- 
tinctly foliated crystalline rock, tlie bands being alternately flesh-red 
(or a finely crystalline adniixtun^ of tiesli-red and greyisli-whito 
minerals) and dark grecai, tho constituent of tho dark green bands 
being probably hornblende. Under a pocket-lens a few minute 
scales of silvery-looking mica are visible. Tiie foliation reminds 
one somewhat of that of the iSrhorlschicftr of Auersberg in Saxony; 
but in the latter rock the dark bands are intensely black instead of 
dusky green. 

Under tho microscoi)e, quartz, magnesian mica, and, apparently, 
Bome muscovite and triclinic felspars, especially microcline, are 
Been to be the principal constituents of the rock. The cleavage- 
planes in the mica have a general tendency to follow the foliation, 
which ill reality is due to this mineral. The (juartz shows streams 
of* fluid -lacunse, which in nearly all cases run in a direction ihore 
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or less at right angles to the foliation. There is something more 
than accident in this circumstance. By reflected light, a rusty 
brown colour is seen to pervade the darker bands of the rock, and 
the darkness of these bands appears to be due partly to the presence 
of biotite, and partly to that of limonite. The rock is essentially a 
biotite-gneiss. 

No. 27. Su>inyard*s Ifill, largest Quarry^ South end. — Dark grey, 
finely foliated micaceous rock. On a cut surface, blotches and 
streaks of a flesh-red felspar arc visible. The rc)(;k has an imper- 
fectly fissile structure, and on the schistose planes the micaceous 
character is, of course, most perceptible. 

The description of the mierosco]>ic characters of the preceding 
specimen applies equally well to this, except that tht‘re is more 
muscovite j>resent, and it is still noteworthy that the strfMims of fluid- 
enclosures in the quartz again run in a direction ronglily normal to 
that of the foliation. 

The rock is a biotite-museovite-gneiss. The foHatijd structure of 
this rock is shown in VI. XX. lig. 1 I. 

No. 28. liagt fed atone JlUl^ Eastern Sj>nr nt 1o]i of hill near the 
middle^ and at the northern end. — A fine-grained, greenish -grey, 
micaceous, schistose rock. 

Under the microscope, quartz, a little felspar, mnscovito, and 
kaolin apj>ear to bo the principal constituents. Th(‘ (piartz occurs 
in grains and aggregate's of grains, which have a hmtiemlar form, 
and the mica scales lie in wavy films, wliich separate tlu'se lenticular 
bodies aiid impart a wavily streaked a])pearanee to a section taken 
transversely to the schistose Htrueture of tlio rock. Th(?8e micaceous 
streaks are rerdered more distinctly visible by an opaepie yellowish- 
white substance which accomj»aniea them, and is ]>roba]»lv kaolin. 
Small scjiloH of mica are also seen traversing individual grains of 
<]uartz. Tlie quartz contains numerous fluid-lucume, and these, again, 
frequently lie in streams which in most eases fellow directions more 
or less steojdy inclined to the general direction of tlie micaceous 
bands. 

The rock is a mica-schist. Its foliated character is shown in 
n. XX. fig. 12, where the darker markings represent the micaceous 
bunds. 

No. 29. Sud nyardi's Hilly large Quarry, South end, at foot of hill , — 
An essentially micaceous rock, in colour reddish brown to grey 
transverse to the direction of fission, but grotmish grey, from the pre- 
dominance of mica, along the ijlanes of fission. The fissile structure 
is verj' irregular. 

The microscope shows the presence of cpiartz, felsjjar, hiotite, here 
and there a grain of magnetite, natrolite, and a very little limonite. 
Borne of the felspar shows twin-lamellation, but it is nearly all in an 
advanced stage of alteration. It appears to be microcline, as a rule. 
The biotite is of a greenish colour, and runs in irregular bands. 
The quartz is in irregularly- bounded cr>^stalline grains, through 
which run streams of fluid-enclosures at right angles or obliquely to 



604 


M». F. ETJTLEY ON THE EOCKS 


the direction of the micaceous bands, as already pointed out in the 
descriptions of specimens JSTos. 22 and 20. That the direction of 
these streams of enclosures, is dependent upon causes operating sub- 
sequently to the formation of the quartz is evident from the fact 
that when the section is examined in polarized light the same 
Stream of enclosures will be found to traverse without deflection 
several crystals which differ from one another in oi)tical orienta- 
tion. 

The rock is a biotite gneiss. 

No. 30. JHcbggedstone Hill^ Eastern Spur, North end, top\ — A very 
fine-grained, pale, bluish-grey rock, resembling an exceedingly fine- 
grained quartzite. The rock is very hard, a knife-point making 
little or no impression on it. 

Under the microscope, between crossed nicols, the section presents 
a general apiicarance similar to that of the ground-mass of a quartz- 
porphyry, or of a rather coarse microcrj^stalline felsite, in which 
occur numerous porjihyritic crystals of felspar and delicate strings 
|tnd specks of more or less opaqne granular matter, which, under 
reflected light, appears of a yellow-white or pale reddish-brown 
colour. Under a higher power, however, it is seen that the opacity 
of these strings and spots is only partial, and that in great part 
they consist of small translucent greenish or nearly colourless 
grannies of epidote, with much fine* dusty matter of a deep green 
colour, which appears to be allied to chlorite. Tlie porphyritic 
felspar seems to be of a mixed character, the angles of extinction in 
some crystals being apparently very low, in other cases approxi- 
mating to those of labradorite. Mici'oclinc is also present. Some 
of the felspar may be andesine. 

The rook in some respects resembles granulite, but garnets are 
absent, and the felspar is all, or nearly all, plagioclastic. On the 
other hand, it is not unlike some felsites, especially some of the 
more coarsely micro-crystfdliiie pai ^ of certain dovitrified rocks. 
I am, however, inclined to regard it as an altered sandstone derived 
from the disintegration of the older Archaean rocks, and bearing 
the same relation to them that arkose or millstone-grit bears to 
granite. 

A drawing made from a section of this rock, magnified 25 diame- 
ters, is given on PI. XXI. fig. 1. 

No. 31. liaggedstone IJill, Eastern Spur, North end, top. — A pale 
brownish-grey to bluish- grey rock, resembling quartzite strongly 
impregnated w’ith very minute silvery-looking micaceous scales, 
and with a schistose structure. 

Under the microscoj)e, in polarized light, this rock is seen to be 
essentially a quartzite, in which a schistose structure is induced by 
extremely thin micaceous or sericitic films. These are, in some 
instances, crossed by rather irregular and tolerably broad hands, 
consisting of quartzite of a much finer texture than that constituting 
the mass of the rock, and suggesting that another stress has been 
exx^rienoed in a direction approximately at right angles to that 
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-which produced the schistosity of the rock. The quartz-grains, 
which are quite irregular in form, contain fiuid-lacunsB, often ranged 
in lines, and these streams of enclosures He sometimes in the direc- 
tion of the fine-grained quartzitic bands, at others in the direction 
of the micaceous bands. 

The rock may not inaptly be termed a micaceous quartzite-schist. 

I*art of a section of this rock is shown in PL XXI. fig. 2, as seen 
by ordinary transmitted light. 

No. 32. Hagyedsione Bill, Eastern Spur, East side. North end, near 
the middle. — A verj’ compact, bluish-grey rock, translucent on the 
edges, resembling quartzite, with a faint laminated structure, and 
showingunder a pocket--len8 numerous minute, glistening, cry-stalline 
facets or cleavages. 

Under the microscope this is seen to be a quartzite containing 
numerous but very minute scales of mica, which, in places, show a 
tendency to segregate in irregular lines. They are not, however, 
sufficiently numerous in proportion to their size to impart a fissile 
character to the rock. 

No. 33. Vein, about a foot in thicTcness, in first quarry on South 
side of The Wych, Western side of the Malvernlianye, — A very coarsely 
erystalline rock of a deep flesh-red colour, with spots of greyish or 
bluish- white quartz. 

Under the microscope the felspar appears to he microcline, the 
extinction-angle generally ranging from about 12^^ to 15°. The 
cross-hatched twinning on the pericline and albite types, so common 
in this mineral, is not to be detected in the section here described, the 
crystals showing but one set of twin-lamella?, and in some cases none. 
The crystals are sometimes cracked and faulted, as shown in PL XXI. 
fig. 3. Some opaque white matter, probably kaolin, is present in 
small flecks and streaks. The quartz contains fluid-lacunse, often 
showing a faint linear arrangement. This is a good example of the 
pegmatite- veins so common in the Malvern Hills. Of their intru- 
sive character there can be no doubt. An admirable example of a 
branching vein maj" be seen traversing schists in an abandoned 
quarry on the east side of the Raggeds tone and towards the southern 
end of the hill.* I am not, however, inclined to think that the 
coarse pegmatite forming the northern part of the ridgo of Swin- 
yard’s Hill is to be regarded as a vein-rock or dyke, or as a series of 
veins ; it is more likely to he part of a deep-seated rock belonging 
to the lower, and probably to the lowest exposed portion of tho 
Archaean series in this district. 

In reviewing the results of the microscopic examination of tho 
Malvern rocks, we must in the first place separate those rocks which 
exhibit foliation or lamination, or of which the origin has been 
sedimentary, from those which show no such structure, and which 
must, without doubt, he regarded as eruptive. This is the more 
needful since much diversity of opinion exists conoeming the inter- 
pretation which should he put upon the phenomena of foliation. 
We shall by this means classify the rocks of the Malvern Range into 
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a' banded and an nnbanded series, and under the former will come 
the different varieties of gneiss. For my own part, I am inclined to 
regcurd the gneissic rocks of this district as probably being more or 
less altered volcanic tuffs, or as sedimentary rocks mainly composed 
of eruptive material derived from the disintegration of rocks of a 
dioritic or syenitic character. Tteasons for and against the assump- 
tion of a sedimentary origin for these gneissic rocks have already 
been given in the first part of this paper, and a section through the 
Malvern Hills was appended, based upon the hypothesis that folia- 
tion in this district corresponded with structural planes which fre- 
quently mark lithological differences, and that these structural 
planes were possibly planes of stratification. AVe shall find, on 
comparing the results of the foregoing microscopic examination, 
that, except in that part of the range which lies south of the fault 
crossing Swinyard’s Hill, the rocks are of a mixed character, being 
partly foliated and partly devoid of foliation. In the following Table 
the rocks are placed in three columns, so as to divide the eruptive, 
the foliated, and the probably and unquestionably stratified rocks : — 



Eruptive. 

Foliated. 

Stratified. 

North Hill 

Korth Hill 

North Hill (above West 

Hombl ende-Oabbro, 
Diorite. 

Quartz- Syenite. 

Gneissic Syenite, 

Gneissic Diorite. 

Altered Tuff! 

Malvern) 

North Hill (The D ingle) 
Worcesteinsbire Beacon 
t 

Mica-Diorite. 

M ica-Diorite. 
Granulite?, Granite, 

! Diorite, Epidositc ? 

Biotite-Gneiss. 


Herefordsliire Beacon . 

i * Eucrite, ♦ Banalt, 

Ilornblendic Gneiss. 

Diabase-Tuff; 


* Devi trifled Obsi- 

1 



dian. 

! 


Swinyard’s Hill 

1 Pegmatite, Jlorn- 

j blonde - Pegmatite, 

i JHotite-GneisB, Bio- 
tite, Museovite- 


Hollybueh Pass 

j Diorite, 

1 Diabase. 

1 Gneiss. 


Baggedstone Hill 

i i 

! Mica-Sebist, Mica- 
1 ceous Quartzite- 

Altered Sand 
stone, Quart 

tt 

! 

Schist. 

1 

zite. 


t Bocks between a little south of the summit of the Worcestershire Beacon 
on to Winds Point wore not oollecU'd. 

f Kocks of Midsummer Hill were not collected, 
tt Bocks of Keys End were not collected. 

* These occur in the eastern buttrt'ss of the Herefordshire Beacon, and are 
of Cambrian (?) age, “Altered primordial rocks ” of Dr. Roll. 

It is evident therefore that the above list gives only a very in- 
complete idea of the rocks constituting the W’hole length of the range. 
By reference to Dr. Holl's paper, these gaps may, to some extent, 
he filled up, as already indicated in the first part of this communi- 
cation. From the tabular classification just given, it appears that 
the North Hill consists partly of rocks which show no foliation, and 
which we must regard as truly eruptive, and partly of foliated rocksy 
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which in many cases arc, I think, either altered tuflfe or are com- 
posed of the debris of eruptive rocks rich in hornblende. The rocks 
of the Worcestershire Beacon appear to bo mainly eruptive. Those 
of the Herefordshire Beacon are, 1 believe, chiefly gneissic ; but the 
exposures are not sufficiently numerous or good to enable me to say 
much on this point, and the time for more careful examination was 
wanting. The cucrite, ba^salt, &c., which I have classed with the 
general mass of tliis beacon, occur in a buttress of the hill, which, 
according to Dr. Holl, consists of “ Primordial rocks.’’ 

The northern part of Swinj^ard’s Hill is composed of i>egmatitic 
or granitic rocks of varying coarseness. The altered diabase in the 
Hollybush quarry forms part of the southern end of Midsummer 
Hill. A vein of pegmatite, consisting in great part of a red felspar, 
is, at the present time, exposed in the lower part of the quarry. 
South of Midsummer Hill we meet with fine-grained gneissic rocks, 
quartzite-schist, quartzite, and altered sandstones, which form, I 
believe, the highest and least altered part of this Archman aeries. 

The views advanced in the first part of this paper appear there- 
fore to be, as a rule, borne out by the microscopic examination of 
the rocks, except that those of a truly eruptive character are much 
more plentiful than I had at first imagined. 

The Malvern Ilange may, I think, now be regarded as part of an 
old land where denudation had laid bare certain plutonic rocks, and 
where volcanic activity was very great ; for "whether we look upon 
these gneissic rocks as beds of volcanic ejectamentii, or regard them 
as of sedimentar}' origin, there seems to bo little doubt that they 
are composed of the minerals which constitute eriiptive rooks, and 
there appears to be no reason to assume that the alteration of any 
ordinary sedimentary rocks, such as slates and sandstones, could have 
resulted in the development of such a vast amount of hornblende. 
It may be argued that there is no ap]ireciablc difference in much of 
the hornblende occurring in the foliated rocks from that in tho 
adjacent and non-f<iliated syenites and diorites, and that it is there- 
fore probable that tho foliation has been induced in truly eruptive 
rocks by earth-movements*; yet, granting this, how comes it that 
all of the rocks are not foliated? Tlie pressure or movemont which 
would affect one bed would naturally affect those in its proximity ; 
yet wo meet with great variety in these beds both in texture and 
in structural characters. The facts do nob seem to mo to bear out 
the conclusion that earth -movements, at all events in the Malvern 
Ilange, have begotten foliation, except, perhaps, on a very small 
scale. Wo know too little as yet of the rocks which are formed 
from the waste of districts composed mainly of erui)tive materials. 
Whehce come our hornblende-slates and schists, chlorite -schists, 
mica-schists, schorl-schists, &c., the constituents of which are either 
those of eruptive rocks or their alteration-products, such as epidote, 

* Such apparently bedded structure, accompanied by differences in texture,, 
is described by Prof. Bonney, in his Presidential Address to this Society (J8S6), 
by the name pseudostromatism^ which he r^ards as tho result of ** a crushing 

situ of zones of the original coarse-grained rock.*' 
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ohlorite, limonite, kaolin, serpentine, &c. ? Some would say that 
they re^t from the prestture-metamori)hiBm of eruptive rod^. It 
is true that, in certain cases, slates of the ordinary kind may be 
found to graduate into mica-slates as they near an eruptive mass : 
yet is this the only way in which mica-slates and schists have been 
formed? Admit that it is, and we may at once grant that the 
gneisses and schists of the Malvems arc hut metamorphosed sedi- 
ments. It may bo so : we have yet to settle the limits of meta- 
morphism. On the other hand, it seems well also to suggest the 
poasibility that the raatcrials resuKing from tho denudation of 
eruptive rocks go somewhere and form something, and that tho 
resulting rock is consequent!}' likely to resemble those from which 
its materials were derived, rather than a slate or sandstone. I there- 
fore venture the suggestion that the. tinelismc racks of ilu Malvern 
lliTls way he cowposed of the detritus of eruptive rocks. It is even 
possible that in an early stage of the earth’s history there was little 
save rocks of an eruptive nature for tho denuding agents to work 
upon, and, if such jin assumption were true, those Archaean rocks 
•would clnim a. far greater antiejuity than •if they resulted from the 
metamorphism stratified deposits. 

Again, it is very ditlicult to say how far tlie movements which 
these rock-masses have experienced may have intluencod tlioir litho- 
logical structure, and whether such movements liave I'tisultf^d in any 
of the effects atirihuted to shearing. That siuih action is implicated 
to a certain extent in the pix»duction of th(*ir foliation is highly 
probable ; hut how we are to distinguish hetwe«‘U the crushing and 
rearrangement of crushed mateiials Iw lateral tlirust and tJie ar- 
rangement of detritus by a sorting process (whicli may take place 
either in air, in the case of volcanic dust falling on land and rocks 
disintegrated and recemeuted in situ., or in water, in the case of 
volcanic dust and rock-detritus dcjiosited in seas or lakes) it is very 
difficult to say. In c'ithcr cast^ wo have trituratod rock-matter, in 
which a banded arrangement of the coiistituents,prt!vails. It must 
he admitted, however, that iii the rocks of the Malvern Kills the 
foliation hears but little restunldarice to the structure induced by 
shearing, the crystals and crvstallint* grains seldom showing any 
marked lenticular form, while there is hut little resemblance, as a 
rule, to that pseudo-fluxion stnu tiire, described by Lehmann and 
other observers, whicli is so characteristic of rocks wiiich have been 
modified by a creeping movement along structural planes. 

My conclusion is, that the rocks of the Malvern I /ills represent part 
of an old district consist iny of jdutanic and, jtossihly, volcanic rocks, 
associated with tuffs, sedimentary rocks conij^osed mainly or wholly of 
eruptive materuds, and grits and sandstones. That tho structural 
planes in tlioso rocks, sometimes certainly, at others possibly, indi- 
cate planes of stratification, and that the foliation in many cases, if 
not in all, denotes lamination, duo to dejx)sition either in water or 
4>n land surfaces, probably more or less accentuated or altered by 


* JSntsteliuug der altkryst, Sohiefer.’ Bonn, 1SS4. 
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the movements which produced the upheavals, subsidonoes, and 
flexures prevalent in the ran^e. 

If the progressive development of organisms bo admitted, wo can 
scarcely consider that the Trilobitos found in the Cambrian rocks 
represent the earliest forms of life, and, consequently, we may infer 
that earlier sedimentary deposits have existed in which still lower 
types would be found. Yet, putting Eozoon out of the question, if 
such fossiliferous deposits exist, where arc thej% unless so com- 
pletely metamorphosed that their life-history can no longer be de- 
ciphered ? This seems an additional roiison for supposing that, in 
the Archman rocks we have metamorphosed sediments associated 
with the products of vulcanicity and with pluionic rocks. 

The observations embodied in this paper are necessarily very im- 
perfect. To unravel the structure of the Malvern Hills would be 
the work rather of a lifetime than of a few months. It should also 
be remembered that the whole Malvern chain is only about eight 
miles in length and barely three quarters of a mile in breadth in its 
broadest parts ; that it is grass-covered throughout, save wlioro 
outcroj^s occur or whore quarries have been opened ; and that these 
outcrops and quarries arc not sufficiently numerous to enable an 
observer to work out the rtdatioii of the rocks to one another with 
any precision, except in a few places. It is therefore manifest that 
it would be unsafe to draw any general conclusions from such 
scanty data and in so limited an area, except provisionally and with 
great caution. 


Appendix to Paet II. 

The conclusions arrived at in this ])ai)or have necessitated some 
alteration in the interpretation of the structure of the Malvern 
Range, as illustrated diagrammatically in the section which was 
appended to Part 1. (facing p. 488). 

The prevalence of (juartz-syenite or hornblendic granite and the 
existence of true diorites and hornblendic gabbro indicate that, at 
all events in a considerable ])ortion of the North Hill, the rocks are 
certainly eruptive. There seems also reason to believe that much of 
the mass lying between the Dingle and the summit of the Worces- 
tershire Deacon is also of a syenitic or granitic character, while it is 
highly probable that the granulite occurring close to t he summit 
represents a marginal condition of the granite. Of the relation of 
the diorite to the granite and syenite I am uncertain; but it seems 
probable that the diorite flanks these rocks as at Cock’s Tor, Drazen 
Tor, and other localities in Devonshire, where gabbros and sometimes 
amphibolites rest on the flunks of the Dartmoor granite It is 
probable also that, in some cases, tbe diorite penetrates the granitic 
and syenitic rocks. Upon those considerations 1 venture to alter 
that part of the diagrammatic section appended to Part 1. which 
lies between the northern end of the range and the Wych, as in the 
annexed figure (fig. 4) ; but it must be remembered that this altered 

* Tile Eruptive Rocks -of Brent Tor,” Mem. Qeol. Survey, p. lo, 

Q.J.G.S. No. 171. 2 m 
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version is still hypothetical, and is not tho outcome of any detailed 
fieldwork. 


Fig. 4. — llypoilu^tical Section throuf/h the North Hill and the 
I Vorceatershi re lieaco n» 



^«=:Oraiuto. d = ]')ioril(\ - Mica-diovit.e. X- = fir:niulito. // *» Ilorriblendo- 

^ubbro. .s -~ CSueiHsio nx’ks. F l.'i’ — Fjnills. 

Tlu' doHcd liuoM indicato tlio rolalivo poBitionsof tlia rocks prior to faulting, 
Tla> rock markod runitc, //, is really a very honiblendi{^ Clranite or (^ujiriz- 
syenite. 

It may also be desirable to alter that j)rirt, of tlie section which 
lies between the Herefordshire Jb'ucon and the Kaggedstone, treating 
tho northern jtari; of Swinyard's Hill as ])ar( of a possibly once deep- 
seated mass of granite or pegmatite faulted in among newer rocks. 

The late Dr. lloll was of ojanion that this }>art of 8winyard’s Hill 
was chiefly composed of granitic veins and it is (piite possible that 
he may have been right, since he mentioned gneissoid rocks, horn- 
hlendic gneiss and schists as occurring with the granite. 

His observations in this locality were much more detailed than my 
own, yet 1 must admit that this jiortion of the ridge did not appear 
to me to consist of veins, and he himself seems to have felt consider- 
able doubt upon this ])oint, as evidenced by the expressions “ Granite, 
probably a vein,” “ Granite vein ? ” 

The rocks north of this fault crossing Swinyard’s Hill and forming 
the highest part of the ridge ai)pear to be coarse horiiblendic granite 
or quartz-syenite, diorite, and gneiss. The diorites occur on either 
side of the coarse-grained quartz-syenite, as roughly indicated on 
the section (fig. 11, facing j>, 488), and the contact of similar rocks 
in the Worcestershire Heacon and North Hill is worthy of note. 

The southern part of Midsummer Hill also shows an intrusive or 
else an interbedded diabase, probably the former. 

♦ Op. cit. p. 77* 
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With these exceptions, I am disposed to let the remainder of the 
section (aj>pended to Part I.l stand as it is lor the present, since it 
is merely intended to represent diapjrammatieally what may be, and 
is based upon a ver}’ limited foundation of observed facts. 

Tlie foliated finoly-erystalline gneiss, micaceous schists, and (piart- 
zites in the south of the range appear to represent a series of altered 
and probably onco-stratihed rocks, such as sandst ones, and micaceous 
and t'elspatliic grits, and these graduate, as wc pass northwards, int o 
giieissic rocks, which probably represent coarse tuffs and detrital 
(lej>osits, composed almost wholly of materials derived from the 
waste of pliitonic rocks. These are associated with jdutonitr rocks 
ot* similar minoral csinstilution, probably in some cases of a later 
(late, but still of immense anti(|uity. 

It may also be a point of some signiticanee tliat in what is hero 
legardi'd as the Lowtn* gneissic series we liav(‘ }iorn])l('nd(‘ in great 
(juantity ; in the Middle sinies th(‘ rocks btH-ona' ])artly micaceous 
and partly liornblondic ; while in tln^ rp]Hn* gneissie. seritvs, horn- 
blende is almost or totall}' absioii., and tlu' rocks in tlie lowaa* part 
of this l'])per series are very niicacjcons. Tlu* mica, liow(!V(‘r, ]>(a■-om(^s 
loss and less plentiful as w(' t)ass soutliwards, until, in the np]>(»rpart 
of ibis l'pi)er scrii's, it is pn^smit either in wry small (juantity or 
disappears altogtdber, as in tb(‘ (piartziles. 'riicre is, in fa(d, fis w(^ 
])ass from the north to the soutli of tlui Malvern lhuig(‘, a diminulion 
in the percentage of those ininorals wliich have the groat (*st density. 

Although in this pa])er it is assumed that tlii‘ rocks of the ^lalvorii 
Hills are partly eruptive and partly did.rital, the latter showing under 
the microsco])e no distinct pseudo-fluxion slructure such as would ho 
expected in cas<'s of well-marked pressurc-metainor])hisin, yet it is 
(piite possible that the foliation in some of these I'ocks may be; duo 
to the l.‘itt(U’ cause. 

One of tlu' strongest argumemts in favour of such an hypothesis is 
tiiat tVdiated or gm^is^ic diorite is here and there fVminl in contact 
with non-folialed dioi ito, while gneissic (juart/-sy(‘nit(^ also occurs in 
contact with (piartz-s} eiiito in which no foliation is diseeriiihh^ 

That the mass which constitutes the main ridge of the Malvern 
Hills has experienc(‘d iei)cated movements and dislocations coupled 
vith great stresses there can be no doubt, ilence there is strong 
probability that pi’essurc-melamorphism lias had souw share in de- 
T(doping the minute structural characters of these rocks. Distinct 
evidence upon this ])oint seems, however, as yet, to he wanting; and 
therefore, although Avilling to make all due conc(;ssion to the advo- 
cates of pressure-mi^tamorphism, on the production of sufficient 
proofs, I am for the present disposed to hold by the opinions which 
1 have already stated, modifying them only to the extent hero 
indicated. 

There are probably many exposures of rock, south of the AVorces- 
tershirc Beacon, which the limited time at my disposal prevented me 
from visiting, nor am I sure that, among the specimens whicli I 
collected, there may not be many which would present fresh points 
of interest if examined microscopically. In those which have been 
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BO examined there may also be some mineral which I have failed 
to reco^ize. Mr, Teall informs me that be has detected spbene in 
,ome of the rocks of the North Hill, and I am by no means certain 
that, in one or two of the sections prepared from specimens collected 
at the southern end of the range, rutile is not present. The opinions 
frequently expressed concerning the species of the felspars must ^o 
bo accepted, in some cases, with a certain amount of reserve, since the 
measurement of the extinction-angles was often made from imperrectly 
develojiod crystals in which the directions of the planes of section 

were extremely doubtful. • c 

Under any eircumfitaiiccH the paper does but very imperfect 
Justice to the various points discuasod in it^ and there still remains 
in these Archvean rocks a vast and comparatively unexplored field 
for the exercise of tlic hammer and the microscope. 


EXPLANATION OF TTTE PLATES. 

Plate XIX- 

Fig. 1. OnciHRic quarf.z-Hyenife. North Hill, x IH. (Specimen no. 1.) 

2. Epidol.e-plagiocluHO rock. Probably jiii altered diorito-tufT. North 

llill. X bS. (Specimen 2.) 

3. Coarsely cryHtalline and ttli^hlly f<»lialed diorito or hornblondic gneiss. 

North Hill, x 18. (Specimen 3.) 

‘1. OoarHcly crystalline quart/.-diorite or hornblendc-gabbro. x fio. The 
drawing wltow-s ])ortions of crystals of hornblende and orthoclaae. 
(Spceiineu -1.) 

5. Diorite. Ivy Scar Rock, North Hill. X 25. (Specimen 7.) 

6. Biol ite-gneiaa. Quarry above clnareh. West Malvern. X (Speci- 

men 9.) 

7. Altered mica -diorite. Largo quarry (Tjeighton’s) at month of the 

Dingle. x IS, (Specimen lO. ) 

8. Gmnulite. Worcestershire neacon, near tup, north side. X 5.5, pola- 

rized light, nicols (Specimen 11.) 


Plate XX. 

Fig. 1. Quartz-syenite or hornblendie granite (feebly foliated ?). Top of North 
Hill. X 25. (S]>eciiuen (>.) 

2. Granite. Worcestt'rshiro Ileacon, near top, north side. x 18, nicols 

(Spe<nmen 12.) 

3. Diorite ? (syenite ?) (folsjmrs much decomposed). Worcestershire Bea- 

con, top. X 18, nieols -f-. (Specimen 13.) 

4. Diorite. Worcestershire Beacon, top (? dyke). X 18. nicols -f-. (Spe- 

cimen 14.) 

5. Epidosite (altered quart z-<liorite). Worcestershire Beacon, top, north 

side. X 18. (SjHH*iinen 15.) 

6. Diabase-tutT (? fol iation due to pressure-metamorphism). Herefordshire 

Bmoon, north side, near top of ancient British camp. X 25. (Speci- 
men 16.) 

7. Hornblendie gneiss. Herefordshire Beacon, north side, near top of 

ancient British camp, x 18. ^Specimen 17.) 

8. Eucrite or anorthite-basalt. Herefordshire Beacon, close to and on 

west of the cave. X IS. (Specimen 18.) 

9. Basiilt. Her«‘fordsliire Beacon, east side, at back of the cave. X 5. 

(Specimen 19.) 
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Fig. 10. Diorita. Swinj'ard's Hill, north aide of highest point of ridge. X 18. 
(Specimen 25.) 

11. Biotite-muscovite-gneiss- Swinyards Hill, largest quarry, south end. 

X 18. (Specimen 27.) 

12. Mica-schist. Kaggedstone Hill, east spur, top of north end. X 18. 
(Specimen 28.) 


Plate XXI. 

Fig. 1. Altered felspntliic sandstone. Baggcdstone Hill, top, east spur. X 26. 
nicols (Specimen 30.) 

2. Quartzite-schist (micaceous). Raggedstone Hill, lop, east spur. X 25. 

(Specimen 31.) 

3. Microcline-crystal (crushed and faulted) in granitic vein. Qtiarry close 

to and oil south-west of the Wych. x 35, nicols -j-. (Specimen 
33.) 

4 & 5. Corroded and bent crystals of triclinic fclsjiar in basalt. Here- 
fordsliiro Beacon, east sitK*. at back of tlie cav(» (st>e also fig. 0, PL XX.). 
X 55, nicols -f, (Specimen 10.) 

6. Globulitio crystallites in biotitc of granite. Worcestershire Beacon, 

north side, near summit.. X S50. (Specimen 12.) 

7. Dcvitriti«*d ob.Midian, slunving jierlitie sfruet.nro and faulted band. 

Herefordshire Beacon, hack of the cave, (n’erlooking Castle Morton 
Common. X 5.o. (Specimen 20.) 

8. Diagram showing track of spontaiic'ously moving bubble in fluid-lacuna 

in quartz of giicissic quartz-syenit North Hill. (Specimen 1.) 

0. Group of apatite crystals in diori North Hill, just south of Ivy 
Scar Rock, x 350, (Sjxjciuicn 

— When not otherwise spc‘cifle , the figures arc rcprcHonted 
as viewed by ordinary transmiiU'd light. 


Discussion 

{Decemher .1, 1880). 

The Presipent said that it was satisfactory that the Author had 
been able so completely to confirm Dr. Iloirs work. The three 
issues raised in the pajicr would jirobably meet with a varying 
amount of ac(|uicsccnce on the jiart of the members : — (1) that 
these rock.s are metamorphic, and not igneous, few would contest ; 
(2) there miglit be a difference of ojunioii as to the significance of 
the aiipareiit succession ; (0) he anticipated a debate on the relation 
of foliation to sedimentation. 

Prof. Bonney would abstain at so late an hour from discussing 
the general question of foliation. Some years ago he had made a 
collection of these rocks, as also had IHr. Allj)ort, wlio, he trusted, 
would yet publish the results of his investigation. He would now 
only ask : — 

(1) Had the Author detected any indications of schistosity along 
planes of mineral banding ? 

(2) Is there any strong proof of mechanical disturbance productive 
of cleavage-foliation ? 

(3) Lastly, in studying the structure of the more coarsely crys- 
talline rocks, had he come upon those curious structures which occur 
in the oldest known gneisses, or upon those distinctly characteristic 
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of igneous rocks, and were they in any way modified by meta- 
morphism ? 

If those Malvernian rocks are gneisses of true Laurentian types, 
lie would find them exhibit certain modifications in passing upwards. 

Mr, Teall said that the Author had described a number of facts 
which any theory of the district would have to account for. What 
is the significance of the pnnci]>al structural planes ? This was the 
question which must bo solved before any advance in the theoretical 
interpretation of the district could be made. The Autlior ap])carcd 
inclined to think that these ]>lanes Av<‘re originally planes of strati- 
fication ; otln.Twise no concliisionH as to age could bo drawn. The 
coarsely mystalline rocks were igneous rather than sedimentary in 
aHj)ect. lie thoiiglit they might bo igneous and of plutonic origin. 

'Jlie IbtKsinKNT o])s(‘rved that both the great longitudinal fault 
and also tln^ cross faults were of lat(^r date than the foliation. 

llie AeTiiou, in re])ly, said tliat the l^n'sident had indicated wdtli 
great clearness tlu‘ liiu'S which the di.scussion should take. He 
agn“(^d with him concerning tlit^ ag(‘ of tin* faults; the amount of 
th(‘ir throw is diflicult to dtdtrmiine. Had In* known of the in- 
tention of Trof. lloniuy and ^Ir. All])ort to take U]> this subject htt 
would havti abstained from Hie task. Not having fully examined 
his slides, lie was unalile to answ<‘r ((uestions ri'lating to the micio- 
BCoiiie chanicters of Hit' rocks. li(‘ had found no ])art icular (‘vidence 
of miiUTal ri‘const rind ion along divisional planes. Ditlicult to say 
Avhether thc'se rocks xvi'i’e or wtTc not igneous ; tluy an' very likti 
some igneous rocks and yet with a rude foliation. He thc*n spokei 
of Hie ditfenait meanings attached to tlu‘ M'ord metamorjihism. 
Judging fr(»m band sjx'cimens. tlic Malvern rocks set'nn'd to resemble 
those from the Hebrid(‘s and (\*inada. He had little doubt that 
the fine-graiiH'd schists were sedimentary, as tlnw c vi'ii (jontaiiu'd 
beds of <\uartzit(*. He admitted that, according to the meaning 
given to the sectimi, the great planes must be taken as bedding- 
planes. if the rocks wen* igneous, then tb<‘ divisions into ujipcr, 
middle, and low('r groiqis had but littb* uit'aiiing. Tlu're maj' have 
been interbt'ddcd lava-llows. Ho had nev(*r imd with divisional 
planers t)f such an evc'ii and persistent character iu undoubted 
jilutonic rocks. 'I he divisimuil i>lanes. rudely parallel to the sur- 
faces of granitic masses, such as those described by Boase and 
He la lieche, wer(> far less regular. 

Discussion 

(Jjna/ G, 1887*). 

The PitEsrDENT observ’cd that the Society did not often enjoy the 
advantage which they had that evening, of hearing papers on the 
same localitj* bj' two authors who looked at the subject from dif- 
ferent points of view. 

* This Discussion relates also to Dr. Callaway’s papers on tlie Kocks of 
Galway and the Malvern Hills, pp. 517 and 525. 
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Mr. Teall said that Mr. Rutley had described a number of im- 
portant facts, but was very guarded in his interpretation of them. 
Dr. Callaway offered solutions of many of the problems. The pas- 
sage from felsite into a variety of mica-schist was of groat interest, 
lie agreed with Dr. Callaway, that crystalline schists and massive 
igneous rocks of similar chemical composition are frequently found 
ill association with each otlior. lie also agreed with Dr. Callaway 
as to the origin of certain banded gneisses. (Iranitic and dioritic 
rocks might be seen in one part of the Lizard to vein i‘ach other in 
the most intricate manner. Jt was possible to trace tho veined 
series into a banded gncissic series without a brt'.ak. lie regarded 
the banded giieissic series as the result of tho deformation of a 
complex mass of ])lutonic igneous rock, and this was the view ho 
understood Dr. Callaway to maintain with refercMice to some of the 
Malvern gneisses. 

Dr. Hjcks said that tho two views were nearer than would appear. 
Each admitted that there was a granitoid rock in tin* centre, with 
dioritic rocks on tlio flanks, both igneous. a certain t'xtent those 
conditions are similar to what is found in some jiarts of Scotland, 
where, associated with granitoid rocks, then* is a scries of schists and 
gneiss. He was disjiosed to incline towards ]\Ir. Kntley's view, that 
tluTO is a series of some kind, prohahly as in tin' Ik'hidian — a vol- 
ctinie scries — whcri^ pressure had jirodiieed schistosity in parts 
even of the intrusive rocks, hut not in trie gn'at masses. Dr. 
Callaway sp<‘aks of a i'clsitic rock (jonvcrti'd into niica-schist ; from 
this view he was inclined to differ, as some of tin* sjx^oinicns evlii- 
bitod as converted into mica-schists sliould be classed rather as 
schistose felsites, as the felsitic structure is not destroyed, and tho 
mica occurs as a secondary jiroduct along tho eIoavage-])lanos, mainly 
as tho result of infiltration. The Arclucan rocks may he, in tho 
main, of igneous origin, hut they contain also detrital and chemical 
deposits. 

Col. Mc^Iaiiox asked Dr. Callaway wliellier tho foliation ^/if a 
certain mass shown on one of the diagrams liad been produc d by 
intrusion, by jirossure previous to consolidation, or by jiressure sub- 
sequent to consolidation, and, if subseijuent, how he accounted for 
the granite showing no foliation at all. 

Dr. Callaway expressed himself unable to explain Mr. Kutley’s 
diagrams, and 

Mr. Kittlky stated that the section tlirough the Korth Hill was 
hj'pothetical. 

The Teesident commented on the different inferences drawn from 
the same set of facts. In the North Hill there are rocks not foliated 
and others greatly foliated. To Mr. Rutlcy’^ iliis afforded tho 
strongest proof of difference of origin, wdiilst Dr. Callaway saw 
gradual transitions from one to the other. The attempt to explain 
the formation of schists from volcanic rocks of an acid character 
had not been made before in this country. 

Mr. Rijtlet, in reply, was at a loss to recognize tho position of 
Dr. Callaway’s section. He remarked that the foliation in these 
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rocks appears to be restricted to bands. He referred to a diagram 
in a recent publication by Mr. Mellard lieade, which proves that 
flexure cannot take place without great trituration of the inter- 
vening mass, and he considered that such a cause bad produced a 
certain amount of foliation. He commented on the opposite views 
expressed by Drs. Hicks and Callaway with reference to the 
alleged conversion of folsitic rocks into mica-schists. A case parallel 
to one of the instances of foliation mentioned by Dr. Callaway may 
be met W'ith on the west of Dartmoor. 

Dr. Callaway, in reply, congratulated himself on having had the 
support of Mr. Tcall. llcplying to Dr. Hicks’s remarks, he held that 
there was a true passage between felsite and mica-schist ; but this 
was a matter of field-ob8er\’’ation, and could not be decided in that 
room. He did not see how a succession could bo made out of 
igneous rocks. How the localization of pressure was 
effected he could not tell. There is a foliation, whether local or 
general. The section queried by Mr. llutley is half a mile north 
of the Wych. 
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36. On the Alweged Conversion of Crystalline Schists into 
Igneous Eoces in County Galway. By C. Callaway, Esq., 
D.Sc., E.G.S. (Read April 6, 1887.) 

Intbobuction. 

1. General Distribution of the Igneous Rocks. 

2. The Relations of the Igneous Rocks to each other and to the Schists. 

Knockseefin, Ground south-east of Glendnlough, Lettershinna, 

Ground south of Glendalough. 

3. The Roliation of the Igneous Rocks. 

The Granite. The Diorite. Veins of an Acidic Rock. 

4. Age of the Igneous Rocks. 

r>. The Galway Gneiss. 

0. Summary. 

Introduction. 

The theory of the metamorphism of atjueous dej)OKits into granite and 
other igneous rocks has been maintained by most Irish geologists, 
and is set forth with much detail in the elaborate memoirs of the 
Irish Geological Hurvoy ^ on the district between Galway and 
Westport. It therefore seemed to me, after some preliminary work 
in Donegal t, that the Connemara region would probably afford 
rich material for the determination of the question. In this 
hopo 1 was not disappointed ; hut while working at the relations 
between the igneous and the metamorphic rocks, another problem, 
the origin of the schists themselves, began to emerge. The result 
of my intjuiries was a singular reversal of the theory I was exam- 
ining. I found, not that the igneous rocks had been formed out of 
schists, but that some, at least, of the schists had been formed out of 
igneous rocks. The Galway region has, indeed, been most fruitful 
in suggestion, and has supplied me with a clue to the origin of some 
of the less complex gneisses. 

I have to acknowledge my ohligatioiis to Prof. Bonnoy, F.R.8., 
who has been kind enough to look through my microscopic slides, 
and to give me his opinion on critical points. 

In discussing the origin of the igneous rocks, it will ho desirable 
to state briefly the evidence upon which the theory of the Irish 
Survey has been based. I will give the chief points, as far as 
possible, in the words of the Surv^oy Memoirs 4:. 

Of the granite there are three types — Intrusive, Porphyritic, and 
Foliated. The i>orphyritic ])asses into the porphyritio-foliated, and 
the latter sometimes gradually loses its porphyritic character, and 
seems to i)as8 into gneiss and schists. It is inferred as probable that 
the foliation of the granite points to its original stratification and that 
even the porphyritic granite was originally part of a sedimentary 
series ; but being nearest to the “ seat of metamorphic action,’' all 

♦ To accompany sheets 93, 94, 95, 104, 105, 113, 114. 

t Quart. Joum. Geol. Soc. vol. xli. p. 221. 

4 Memoirs 105 and 114, pp. 7-16 et alibi. 



618 


DR. 0. CALLAWAY ON THE ALLEGED CONVERSION OP 


or nearly all traces of foliation which succeeded the stratification ’’ 
had been obliterated. 

In the “ metamorphic sedimentary rocks ” are “ conglomeritie 
beds,” “ containing large and small blocks, sometimes BX)aringly 
scattered through tlie mass, but often thickly together.” When the 
blocks are scattered they arc considered to be due to a nodular 
structure in llie original rock ; but when numerous, the rock is 
regarded as “ metainorphosed conglomerate.” 

Of the Tiume^rous varieticjs of igneous rocks described in the Survey 
Memoirs, .1 shall usually be able to coniine myself to two, granite 
and diorito. The granite is either uniform in grain or porphyritic, 
and eitln^r kind may be foliated. The diorite is generally a dark- 
green coarsely crystalline ro(^k without varietal difPt;rencos of 
importfincc. For tiic^ purposes of this i)a])cr, it will bo unnecessary 
to notice minute distinctions. 


1. (JeNKUAL DiSTIiriiUTTON OF TUE loXEOUS HoCKS. 

The granitt^ forms an ovt(*nsivc area reaching from the towm of 
Oalway all along the northern side of (lalway Bay to the ojicn 
Atlantic, and broadening out towards the Avest to a 'width of nearly 
20 miles. It also a])p(‘ars in irregular intrusions amongst the 
schistose rocks to the north of the main mass. The most prominent 
exposures of the. diorile are dotted at intervals I'ovind the northerly 
margin of Iho chief granite mass, eithc'r at a little distance from 
it or in actual contact Avith it. 

2. The Becations of the J<;NEors Hocks to each other and 

TO THE SlMflSTS. 


This hill lies nearly 4 miles to the south of Oughtorard, and 
close to the margin of tiu' cluef graiiite-mass of the rc^gioii. This is 
stated * to be the typical locality for Avitnossing the passage of 
granite into schist. 

The ground is covered ladween the granite and the gneiss of 
which the hill is ehietly composed. The latter rock is a mica- gneiss 
of coarse grain, hut clcarl)' handed, AAeathering on strike-surfaces 
in fine parallel raised lines. The foliation -planes strike to the N.W. 
Towards the summit, nodules of diorite, lenticular in horizontal 
section, made their api)earanco in the gneiss, their longer axes 
running with the strike. These arc aj^parently the extremities of 
veins which haA"o been llattcnod by pressure. 

The diorite-nodules (A^eiiis) ineroaso in number towards the top 
of the peak, and at the A^ery summit the rock is nearly all diorite. 
Granite here comes in, irregularly penetrating the diorite. The 
latter displa 5 ’s a sort of nodular jointing, the joint-blocks running 
in a roughly linear manner to the N.W., while the granite in 
♦ Kiuahan's ‘Gteology of Ireland,* p. 190. 
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places finds its way along the joints, forming a cementing matrix. 
The mixed rocks thus present a supeilicial resemblance to a con- 
glomerate. It api^ears from this section that the diorite is intrusive 
in the gneiss, and the granite in the diorite. It would also seem 
as if the diorite had consolidated and acquired a jointed structure 
previous to the introduction of the granite. How tliis ground affords 
evidence of a passage from granite into schist, 1 am unable to 
understand. 

Ground soutJi-east of Glciid alow/li. 

The singular phenomena T am about to describe occur at the 
eastern end of a long band of “ hornblende-rock,” which runs in an 
east and west direction for a mile and a lialf. AVe here see all tlio 
steps of the process by which igneous rocks have been converted 
into a ])seudo-congloTnerate. 

The prevailing rock is diorite, with a very distinct jointing. On 
the weathered surfaces the material along tlie joints has yi<'lded to 
•degrading influences, so that the Idocks })t‘tween stand out in relief. 
These joint-blocks have a diamete r varying bet ween a few inches 
and perhaps two feet. Tn slnqu* they arc' sometimes roughly oval or 
ovate, but frequently tluy arc* jiartiall}’ angular or subaiiguJar. 
{Some of them arc represeutiHl in tigs. l-Jh 

There are in this locality several out (cropping masses, some of 
which consist of unbroken (liorite. In others, the following appear- 
ance is observed. Por some yards, wo ])uss tlie jointed diorite ; 
then we see a gradual coming in of the granite. Thin veins find 
their way along the joints, in one phiee cnniing to an end against a 
joint-block (fig. 1), and in another, where the joints narrow, termi- 

Fig. 1 . — Section o f Granite in Jointed Diorite, 



nating between adjacent blocks. Not far off we see veins creeping 
along each side of a block, but failing to force their way entirely 
round (fig. 2) ; while close at hand the granite has succeeded in 
entirely isolating the blocks from the main mass, so that diorite is 
immersed in granite. It is therefore clear that these pseudo-con- 
glomerates are merely agglomerations of joint-blocks imbedded in a 
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ground^'inass of granite. Por these mixtures of hypogene rocks, the 
term “ diglomerate ” * may be suggested. 

Fig. 2. — Section of Granite in jointed Diorite, 



Lettersliinna. 

Some intorosting facts in confirmation and expansion of the pre- 
ceding observations occur in this hill, which lies two and a half miles 
south-west of the last localit}^ and therefore much nearer the 
granite massif, Lettershinna is a ridge running cast and west in 
accordance with the strike of the region. It is mainly composed of 
granite ; but near and at the summit arc some masses and blocks of 
included diorite. 

On the north-western slope, I obs('rvod an oblong block of diorite 
immersed in the granite. The fragment was about a yard long 
and eighteen inches broad (fig. tl). The microscope shows the 


Fig. 3. — Section of Diorite in foliated Granite, 



hornblende of this diorite to be clear and well crystallized; but 
the felspar is cloudy, and has apparently undergone partial decom- 
position. At the distance of about a foot was a smaller block of a 
roughly ovoid shape. That these are true inclusions, and not cross 
sections of veins, may be seen a little higher up the hill. Here a 
block of diorite is exposed in the face of a cliff, the foliation of the 
granite curving round the block both above and below it. 

Ifear the summit of the hill the diorite occurs in larger masses. 
Some of these ore fringed by one or more outlying bands arranged 
roughly parallel to the margin. In one place there were three of 

* » di-/’ because the blocks are forced asunder. 
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these (fig. 4) ; in another, only one. Sometimes they are mere flakes. 
They are isolated from the main masses and from each other by 
granite. It would appear as if they were separated from the parent 
blocks by exfoliation. As the granite rose up between the blocks, 

Fig. 4 . — Section of Diorite exfoliated) in Granite, 


they would become strongly heated, and the outer zones, being 
hottest, would by their greater expansion split away couccntricaUy. 
That the exfoliated fragments retain their parallelism to the adjacent 
margin of the main masses is a remarkable fact, to which 1 shall 
return. 

Grouiul south of Glendaloiigh, 

Leaving the hotel in a southerly direction, we pass over crystalline 
limestone, quartzite, and a considerable thickness of hornblende- 
schist. A little further south lies a largo mass of rock, chiefly 
hornblendic, whicli is said to “ graduate into the associated gneiss 
and schist” *. Near where “ 5 ” is marked on the map, tliore is a 
singular entanglement of schist with granite and diorite. The 
rocks are heavily glaciated, so that it was imi) 0 S 8 ible to obtain largo 
specimens ; but even the small fragments collected clearly show that 
there is no passage between the schists and the igneous rocks. The 
schists are intensely contorted and much shattered, and the granite 
or the diorite sometimes finds its way oven b(jtween adjacent folia, 
and is mixed up with the schists in inextricable confusion. Several 
contact-specimens have been microscopically examined, and Prof. 
Ilonney, at my request, has devoted special attention to them. Ho 
thinks there is no doubt that they are a case of intrusion of granite 
into a fibrolite-schist ; but the structure of the granite is irregular 
and peculiar, owing probably to its contact with the schist. 

It is a striking fact that, in this locality, detached folia, or bundles 
of folia, frequently preserve an ai)proximate parallelism to the 
foliation of the adjacent schists. This might appear to be a strong 
X>iece of evidence in favour of the metamorphic hypothesis. It is 
not easy to believe that an igneous rock could have been intruded 
amongst masses and fragments of schist without destroying the 
parallelism of strike. I would, however, venture to urge that the 

* Survey Memoir, 93, 94, p. 139. 




3. The Foliation of the Ioneoes Hocks. 

The .Foliiiiioa of iJic Oranitc. 

The h)]iiited structure is Avell seen in the district south of Glcn- 
dnlouf^h. Jn oiio s]>ot, the granite runs into tlio diorito in long 
tongues striking east and ivc'st, that is, in coincidence with the 
strike of the schists in this area, and Iicre the foliation of the 
granite is also cast and w(’st , and is strongly marked. But whore 
the veins were oblique to tin’; strike of the region, the foliation was 
oblicjuc and obscure. In another place, where the veins ran north 
and south, they were intenseh' contorted. These facts i)oint clearly 
to the inliueiico of an earth-thrust acting along a north and south 
line. 

in the Dlorite. 

I noticed this on Knockseefin, in veins intrusive in schist. The 
foliated structure is parallel to the longer axes of the transverse 
sections of the veins and to the strike of the schists. It is 
obviously due to pressure. Prof. Bonney has examined slides of 
this squeezed diorito, and he hnds no difference between it and 
hornblende-schist. 

Foliation in Feins of an Acidic 

Near the summit of Shaunarea appear several veins, lenticular in 
plan, which are not easy to explain. They consist of quartz, with 
a little mica, probably biotite, and a fair number of garnets. The 
fohation is very distinct, and coincides with the foliation of the 
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enclosing schists. Most of the mica is in long, narrow, ragged flakes, 
almost like bits of frayed string, and suggests great compression. 
The rock is now a sort of quartz-schist. What it was originally, it 
is hard to say ; but I see no reason why it may not liave been a 
hornblendic granite, like the granite of the district. 


4. Age of the Igneous Hocks. 

The Silurian conglomerates of Killary Harbour aro mainly com- 
posed of large rounded fragments of igneous and metamorjdiic rocks. 
Amongst these is a coarse-grained granitt% with a great deal of 
plagioclasc and a little altered biotite. The constitiumts of this 
rock are the same as those of the ty]>ieal (lahvay granite, but the 
felspars arc smaller. Pebbles of (juartz-felsilo arc also abundant. 
The ground-mass of this felsite is devitrituHl, the (luartz-ery stabs are 
large and clear, and there is a small j)ro])nrtion of biotite. This 
descri]flion will also apply generally to the ordinary quartz-felsito 
near (Jalway. The conglomerat(‘s clearly ])rove that in early 
Silurian times the adjoining land largely consistt'fl of igneous rocks, 
closely resembling thos(‘ still found in tlu? rc'gion, and we may there- 
fore fairly conclude that th(^ granite and fidsitc', with the still older 
dioritc, are of Pre-Silurian age. Tho nnd a nior]>hic schists enclos- 
ing the intrusive masses and veins are, of course, of still greater 
antiquity, 

5. The (bvEWAv (Iniuss. 

This rock forms a triangular area about tu o miles each way, willi 
the town of (ialway situaU'd in the centre*. It is hounded on the 
west hy granite and felsite, on the north-east by the Ofirhoniferous 
limestone, and on tho south hy (ialway Bay. It is usually coarsely 
crystalline. The common minerals are (juartz, felsjair, and lioru- 
hlende, with ciadoto as accessor5\ Tlie quartz and f(dsj)ar form tho 
ground-mass. Imnu'rsed in it are nuiiKoous d;iik, speckled blocks, 
suggesting the diorite fragments in t he granite further west. These 
block-like masses are often arranged in a roughly lintair manner, 
but frequently they are irrt'gularly distributed, llornhlende also 
occurs in bands or masses, dispbiying a foliated structure. In tho 
latter case, the rock is liki?: true gneiss. Karely could J find con- 
tinuous scams of the hornhhiide. A flaky aj)pearance sometimes 
occurs on rather a large scale, long slender tongues running out 
irregularly from patches of foliated bornhlcnde into the grey grani- 
toid ground-mass. 

There is no true bedding in the Galway gneiss, so far as I saw ; 
but the scams and masses of hornblendic rock usually lay with their 
longer axes dipping at a high angle to the N.K.W. Comparing 
this gneiss with the diglomerates already described, a similarity of 
origin is at once suggested, the apparent dip being accounted for by 
tangential pressure. As this was the first district I visited in Con- 
naught, the significance of tho phenomena did not then appear, 
and my work proceeded on other lines ; but the hints afforded by the 
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behaviour of the igneous rocks of the region further west have since 
been worked out in the Malvern Hills, as will appear in a separate 
communication . 

6. SUMMAKY. 

1 . There is no satisfactory evidence for the contention that the 
igneous rocks of Western Connaught have resulted from the meta- 
mori)hi8m of schists, since in every locality examined, including the 
typo section, the igneous rocks were seen to be sharjdy separable 
from the schists and clearly intrusive in them. 

2. The “ mctamori)ho8(id conglomerates adduced in proof of the 
original sedimentary character of the Galway schists are mixtures 
of schist, diorite, and granite, or of two of them, the ground-mass 
being usually granite. 

Ji. There is no proof that the foliation of the igneous rocks follows 
an original structure. In the granite it is chiefly due to regional 
pressure. Fragments of diorite in granite arc not foliated, but 
veins of diorite in schist sometimes dis])lay a foliation caused by 
pressure. 

4. The ancient gneissic rocks of Galway town display evidence of 
having been formed in part from mixtures of diorite and granite, 
similar to the more modern diglomcrates. 


(For the Discussion on this paper, see p. 514.) 
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37. A PiiELiMiNARY IxQuiRY tnio the Genesis of the Crystalline 
Schists of the Malvern Hills. By Ch. Callaavay, E8q.,D.Sc., 
F.G.S. (Bead April G, 1887.) 

Introduction. 

1. The Alaterials frora which the Schist.s were produced. 

Diorite.s Several Varieties; Granite; Felsito. 

2. Evidence ol‘ Pressure. 

Contort ion of Granite-veins. 

3. The Products of the Meta morph ism. 

A. Simple Schists. 

lT<irnblende-^pieiss, Micu-gtieiss, Mica-schists. 

11. Injeetion-Scldsts. 

l)u})lex Diorile-^neiss, Granite-diorile-gneiss. 

4. General Tteiuarks. 

5. Smninary. 

Introduction. 

The igneous origin of some foliated rocks was first suggested to 
me l)y the gniiiite of Northern Donegal^. The Ue,v. E. IJill, 
F.G.S., liad i)r(‘viou.sl 3 ' noticed t a gneissic structure in the granite 
of Guernsey’. Mr. J. J. Harris Teall, F.G.S.,htis described foliation 
in basic rocks in tlio North-western Highlandsi: and at the Lizard§, 
Sehistosit>" in granitoid rock.s luis also been o])Herved in ilie Alps 
h}’^ Professor Botnieyl;, F.il.S. Besides Englisli workers, several 
foreign writers, both American and Continental, liavo declared in 
ftivour of an igneous origin for cortain schists, so that the jiroduc- 
tiun of a ]uirallcl structure in igneous rocks maj’ fairly be regarded 
as an cstablislied fact. 

The work which I liave deserihod in another paper (p. 517) led me 
to hojie that vre might he able to advance a step further. The intru- 
sion of veins of granite in diorile, under pressure, suggested that at 
great depths, where pressures were at a maximum and chemical 
processes might he presumed to he most activis gneissic rocks of a 
more varied character might be produced. At tlie town of (ialway 
I had seen gneisses which might have been produced in this way ; 
but the crj-stalline schists of the ^lalveru Hills have furnished clear 
evidence of the gcsiesis of some of the more complex gneisses, be- 
sides throwing additional liglit upon the production of th(^ simpler 
schists. I am able to show that many of the schistose rocks of 
Malvern have an igneous origin, and 1 hope that the clues 1 have 
obtained will enable me in a future communication to extend my 
explanations to ecutain varieties whose genesis is at present less 
clearly ascertained. 

* Qmirt. Journ. Gcol. Soc. vol. xli. p. 221. 
t Ibid. vol. 3tl. p. 404, 
t Ibid. vol. xli, p. 133, 

I Geol. Mug., Nov. 1880, p. 481. 

II Quart. Jt)ura. Geol. Soc. Pres, Address, 1886. 

aJ.G.S. No. 171. 2 n 
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1. The Materials from which the Schists were produced. 

Diorites. 

I have been able to recognize at least four varieties of diorito in 
the vsehists thus formed. 

Medima-hlavlc (No. 1 ). — This rock contains about equal pro- 
portions of hornblende and felspar, and in tlie mass appears nearly 
black. The felspar, under the microscope, often presents a cloudy 
appearance, and ctontains numerous clear microliths, both conditions 
indicating alteration. Whem the alteration is only slight, the 
twinning of iilagioclasc is visible, but this occurs only in a minority 
of tlie crystals. 

iJoarsi'-hlach' (No. 2). — The hornblende is often in a greater x>ro- 
portion tlian in No. I. Tlie crystals of both minerals are larger. 
The felspars disjday similar alteration. 

Ooarse-fjny (No. ^1). — The hornblende is usuallj^ about one fourth 
of the mass. Most of the felspar is biss changed, and shows the 
striping of jilagioelasc. 

Medkun-yrey (No. 4). — The hornblende is abundant, but pale in 
colour. The i'els])ars disjilay no twinning, arc cloudy, with large 
patches of opacati^ in the lamtre, and frequently contain raicrolitlis. 
This variety will be but slightly referred to in llui present pajicr. 

I am not prejiart'd to say that none of these variet ies ever gradual o 
into (iaeh other, Init. 1 have se<ni 3!o evidence of a ])assage in any case. 
No. 4 is the newest, for veins of it occur in No. 2; and No. is 
probably newc-r than Nos. 1 and 2, since at North ^Malvern it con- 
tains rounded and angular fragments of both. The occurrence of 
these fragnumts would seem to indicate a consolidation previous 
to the intrusion of the younger variidy, and this is eonfiiined by 
sections in the quarries at North Malvern. A mass of No. 2 was 
seen to be jieiiet rated by a variety of a lighter colour. The vein 
pass<‘d between irr<*gularly shaped joint-blocks, and contained de- 
tached pieces of the darker kind. In another mass, a fine- 
grained diorite was intrusive in a coarser variety, and in like 
manner enclosed large blocks of the older rock. In this respect 
the mode of intinsioii is vsiinilar to that of the granite in diorite, 
as described in my ])aper on the rocks of Galwaj'. I have noticed, 
however, that in ^lalvern, as w ell as the town of Giilway, there was 
a more thorough welding together of the two lands of rock at 
their junctions than w^as observable in the Tre-Siluriau granite 
and diorite of Couneniara. 


Granite. 

1 have no positive evidence of the existence of more than one 
variety of original granite in the Malvern Hills. This is the well- 
known binary conqxjund of quartz and red orthoclase. 

This granite is younger than all the above-named diorites. By 
its association w*ith them it gives rise to some of the most interest- 
ing phenomena of the region. 
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Felsite. 

Near the Wind’s Point, there is a well-marked band of felsite 
hading in accordance with the banding of the enclosing gneiss. 
It is compact, homogeneous, and of a x:>ale-rorldish colour. A 
similar rock occurs in the liaggedstone Hill, and by its modihea- 
tion gives rise to schists. 

2. Evidence of Pressuke. 

Zones of crushing, indicated by bands of breccia, arc very common 
in the district ; but some of these arc posterior to the metamorpliism 
and do not concern ns. Some direct evidence of mechanical force, 
resiilting in schist osity, will come out in describmg the intimate 
structure of certain rocks ; hut it is obviously ditlicult to obtain 
verj^ abundant indications amongst igneous masses, where there are 
no beds to bo contorted and faulted. There is reason to believe 
that the prtvssure is partly transformed into molecular energy, and 
thus changes are brought about which often mask nu'chanical effects. 
There is, howtwer, some field-ovidence for the notion of enormous 
pressures. A good example is setm in a, (piarry of gneiss at the 
Houthorn tcrininatiou of K(w‘s End Hill. Tin* folifition-di]) is 
at a moderate angle to the south-east. Tlio rook is traversed by 
contorted veins of granite, running in several dirtM-tioiis. One of 
these is shown in tig. I, and gives a rough measures of the pressure. 


Fig. 1 . — Contorted (7 ranite-ve'ui in Cneh^. 

SW. N.E. 



Assuming the vein originally to have been straight, its length has 
been reduced in the proportion of about five to two. 

The regional i)ressure has acted with intensity only at intciwals 
along the range. In the North Hill and the northern part of the 
AVorcestershire Beacon there are large masses of diorite which have 
undergone little mechanical change ; hut between the summit of 
eBeacon and the Wych there are numerous alternations of diorite 
and granite displaying foliation. The long ridge between the 
AVych and the Wind's Point contains a great deal of black diorite 

2n 2 
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with granite-veinB; Wt and especialfy at the southern 

end, a banded structure has been produced. The northern part of 
Swinyard’s Hill is composed of massive granite, while at the 
Bouthern end is a flaggy gneiss, which has been produced from the 
granite by pressure. Other examples of the localization of pressure 
occur in the hills further south. 

3. The PKontrcTs of the Metamokphtsm. 

A. Simple Schists, or those formed f rom, one hind of rode, 

Uomihlende-gneiss, formed from JJiorite . — Tu this case the pres- 
sure has rearranged the constituent minerals, so that the horn- 
blende and felspar lie in irregular folia. There arcs many grada- 
tions between the ordinary diorite and a gneiss in which there has 
been some reconstitution of the minerals, the formation of quartz 
being the most conspicuous result. The coarse-blaek diorite, at 
North Malvern, is one variety which has been modihed into gneiss. 
For about two thirds of the breadth, the intrusion of the vein was 
clearly seen ; then, for a few inches, the two kinds of diorite were 
confusedly mingled. The remainder of the breadth, consisting only 
of the coarser diorite, was rudely foliated. 

Mica^ijneiss, formed from Granite . — Near the southern end of 
Swinyard's Hill, on the crest of the ridge, is a very interesting 
case of the formation of gneiss hy crushing. A narrow band, 
striking a(;ross the axis, lias the appi^aranee of the ordinary binary 
granite ; but a laminated structure is very appanuit even in the 
field. In immediate contact, forming part t)f the same mass, the 
rock is flaggy, and seams of mica fipjiear. Then comes a break, but 
flaggy schists of the same gencTal typo appear in force a few 
hundred yards to the north. yV description of microscopic slides 
will bring out the transition indicated. 

No. . This was taken as a tyjucal s])et imen of the granite 
which is seen in mass at the northern part of the hill. It is the 
ordinary compound of orthoclase and quartz, with a little mica. 
Most of the felspar is sufl’ustal '\^•ith a brownish tinge, probably iron- 
oxide, and presents a cloudy aj)pearaucc. Many of the crystals 
also contain ]iatclie8 or microliths of clear mica, polarizing in 
brilliant colours. Uhe felspar has therefore undergone partial 
decomposition. That this granit-e contains iron would appear from 
the analysis of the liev. J. H. Tirains^. He states that the 
“ quartzo-felspathic ’’ veins, which are almost cortr inly the granite 
I am discussing, furnished in three analyses iron-oxide varying 
between *92 and 1 *52 per cent. Both quartz and fe^sj^ar are some- 
what cracked, and iron-oxide is deposited in the cracics. 

Nos. 282~2vS4. — From the locality at the southern tnd of the hill. 

No. 282. From a part of the laminated granite ^.^hich appears 
more granitoid than the rest. The rock is excessively cracked and 
crushed, the cracks, which run in all directions, but predominantly 
* Quart. Joum. Geol. Soc. vol. xxiii. p. 362. 
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with the parallel structure, being filled with either iron-oxide or 
mica. The quartz lies in wedges rather than folia. They are 
approximately parallel, roughly lenticular in section, and rarely 
continuous across the slide. Sometimes lines of quartz-grains curve 
round the felspars. In one part of the field an angular bit of 
quartz is immersed in a confused mass of quartz and felspar in 
granules. The jjarallelism of the quartz seems at some points to be 
determined by cracks, which are occujned by infilt rated products. 

The felsi)ar has the broAvn cloudiness of the uncrushed granite. 
It is very much cracked, and wliere cr 3 'stals are defined they are 
rather flattened, and often tail out to a point on each side, so as to 
resemble a human eye in shape. Some of the f(‘ls])ar, forming bands 
of small cr^’stallino grains between the quartz folia, is vc^r}* dirty. 

Mica is verj’ small in quantity. It occurs in some of the narrow 
cracks in <piartz, and in some of the fi‘lspar, and rarel}" it forms a 
sort of sheath to tlic attenuated ends of the eye-shai)ed cr^^stals. 

!N^o. IVom tlu* same ]>iece as the last, within a few inches 

of it, but showing such clear lamination that it caught my eye 
at a distance. Under the microscope it is much moi<' like a gneiss. 
The field is clearer, and there is much less cracking of the minerals. 
The folia of (]uartz arc longer, thinner, and more uniform in 
thickness. In a few parts the (juartz is trav'ers(*d l)v longitudinal 
cracks, but their mode of origin is less evident . ^Lost of tht? felspar 
is in regular folia of small crystalline grains, but^ there still remain 
a few of the larger felspars with rounded and irrc'gular outliiujs. 
Some distinct folia of mica now make thoir apptsarance amongst 
the felspar, but the (juantity is still small. There has evidently 
been much reconstruction of the minerals in this slide. 

No. 284. Part of the same block, but with the flagg}’ structuro, 
and showing in tlu^ field dark scams of mica. Tier (piartz-folia arc 
still longer than in No. 28^1 and more rcjgnlar in thickness. In 
some spots a thin folium bends out of its course round a crystal of 
felspar. The felspar is similar to the last. Scaims of small granules 
of this mineral also are scon to curve out of tlio straight lino round 
large crystals. The notable difference between this and all the 
preceding slides is in the much greater proportion of mica. It 
often occurs in regular folia between the (juartz. Sometimes it forms 
a complete sheath to an eye-shaped felspar-crystal. In one place a 
felspar has been cracked obliquely across, and the crack is filled in 
with mica. Thus each half of the crystal forms an almond-shaped 
“ eye,” with its fringe of mica. There can bo no (juestion tluit this 
mica, which is the same in all the set of slides, has been formed 
out of the felspar. 

No. 285. Prom the flaggy schists to the north of tlio last. The 
structure of the rock strongly suggests a similar origin. There is 
more quartz, which here and there looks as if the lines separating 
its folia had originally been cracks. Several cracks also cut across 
the foliation, and these are filled in with mineral matter, which in 
one spot is seen to be optically continuous with a regular folium. 
At another point an elongated granule of quartz, forming part of 
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a folium, passes across a transverse crack which therefore must 
bo older than the folium, and presumably older than the general 
foliation in its completed state. Where a transverse crack passes 
through (juartz, it sometimes vanishes for a little distance, 
reappearing further on, so that it is clear that the sides of the crack 
have come together and become welded. The occurrence of these 
transverse cracks, and their evident connexion with the process of 
metamorphism, is a piece of evidence which tends strongly to 
confirm the suggestions made by the structure of the folia. 

.l/vrrt-.'rr/cAs^, formed froin P\dmte. — A very interesting section 
(fig. 2), about 30 feet in length, is seen in the sloi>e at the end of the 


Fig. 2. — Pafiaatjc of Fd site info Schist. 



south-eastern F.])nr of the ixagg(‘dslone Hill. Taken in descending 
order, tlu^ following are the rocks observed : — 

1. Fale-reddisli felsite, so jointed and crushed that it was difficult 
to obtain a ])ieeo laige enough for a mieros(oi)ic slide, and the 
specimen seleetcul broke into fragments in grinding. Tliis rock 
forms a band, striking across the ridge in concordance with the 
foliation of the underlying schists. I-nder the microsco])e the rock 
is seen to be entirely devitritied, and the microerystalline structure 
of a typical felsite is v<'rv apparent. Even minute fragments, 
Avhich have remained entirt' in grinding, are brecciated. The cracks 
are usually marked by iron-oxide, and, occasionally, when wider 
than usual, are filled by quartz or by mica. 'Jh(?re is a rough 
parallelism in the structure, and this ineixuent foliation is some- 
times accentuated bv a little mica. 

2. A few feet below the last, and 8e])arated from it by soil. 
The rock is still felsite, much sounder under the hammer than 
No. 1. Microscoi)ically examined, the field is seen to be clearer, 
the parallel structure is more distinct, and there is a larger pro- 
portion of mica. This rock has evidently been porph^ritic, for 
there are several deformed masses of quartz ou the slide. One of 
these is eye-shai)ed, and tails out at each end in a stream of minute 
granules. 
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3. About 15 feet of schistose rock, forming a band below No. 2, 
but continuous with it. Some of it is hardly distinguishable from 
the rock above, but the laminated structure is more evident. lu 
other scams the foliated appearance is more marked, and a complete 
gradation can bo traced between the modified felsito and a true 
schist. The change is seen even on the ground in the increasing 
distinctness of the lamination proceeding pari pasi^ii witli tho 
growing thickness of the films of mica on tho planes of fissilitv. 
These indications are entirely confirmed by the microscope. The 
following gradation is seen in throe specimens taken from tho same 
band, within a yard or so from each other. 

No. 234. Felsitic appearance in hand specimens, but slightly 
laminated. Under the microscope tho paralhd st ructure is seen to be 
due to intermittent folia of a green mica, in irregular bundles of 
fibres and sometimes dirty. This part of tho rock also must have 
been a por[di 5 "ry, for tho slide shows several i^ye-shaped masses of 
crushed (juartz which have caused the folia of mica to curve out of 
their course, forming, as it wore, eyebrows to the tpiartz, boili above 
and below, just as in tho crushed granite describod above (i>. 523). 
Home parts of the slide display the felsitic structure, as above ; but 
where tho mica is most abundant the granules of the ground-muss 
are often of larger size and polarize in bright colours. Mineral 
differentiation would t hus a])pear to have proceeded a stiige furtlier. 

No. 235. Tlic cliango in the felsitc is more advaijced. The rock 
chictiy consists of elongated granules of quartz arranged in a linear 
manner, with mica lying between them in microliLlis, so jis some- 
times to form a part ial sheath. Some of this mic.i is transparent, 
polarizing in bright colours. Patches of tho same mica and some 
felspar are also pix^sent. Distinct seams of mica ajid fol8])ar, parallel 
to the longer axes of tho (juartz-grains, accentuate tho foliation. 

No. 23(> is generally similar to the last. In about tho middle of 
the slide is a very quartzosc seam, iu which the grains are much 
larger than in the previous sj)ccimens. It is not a vein, hut a true 
folium, parallel to the rest. It passes by the gradual introduction 
of mica into a broad, very micaceous band, which graduatijs in- 
sensibly into a zone displaying a structure strongly suggestive of tho 
micro-felsite, but a few microliths of clear mica are present. Home 
parts of tho haiid-sx)ecimcn also have a very felsitic look under tho 
lens. 

No. 299 is from one of the several narrow mica(;oous bands inter- 
laminated with the more quartzose schist. It is an indubitable 
mica-schist. The mica is the white variety. It forms about half 
the mass, a great part of it being in distinct folia, which sometimes 
undulate. Home of the (juartz has the same ap]>earanc(J as in Nos. 
295, 29 G, the granules being more or less sheathed with micja. A 
few lenticular “ ej es” of quartz are rather suggestive of the crushing 
of a porphyry’^ ; but on this 1 do not s}>eak decisively. I am quite 
satisfied, from a very careful study on the ground, that these 
micaceous seams cannot be regarded as foreign fragments of schist 
entangled in the crushed felsite. 
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These modified felsites, now schists, form a low vertical cliflF, 30 
or 40 yards long, in which the rock is continuously exposed. I 
worked along the strike to the w^estern end and found similar 
schists, some of them highly quartzose, passing occasionally into a 
material like a quartzite, and into felsitic rock like the first named. 
The diflbreni varieties w^ere not always interbanded, t)ut often passed 
into each other with some irregularity. That they all belong to the 
same mass 1 have no doubt. The rajad variations in the metamor- 
phism agree -with tlni sudden changes noticed in tlio crushed granite. 
A sjiecimen of one of the quartzose varieties, almost like a quartzite, 
was examiiK'd microscopically. In structure it is intermediate 
betM’^cen a quartzite and a (juartz-schist. There is very little orien- 
tation in the quartz, which is frequently in laigo granules. Mica is 
in small jjroportion. Much of it is in clear microliths, w^hich 
occasionally form a partial sheath to the (piartz-granulcs, as in the 
other schists of tht^ locality, but more frequently they have a rough 
orientation in one direction ; occasionally they accumulate into 
imperfect folia. Tarallcl with this foliation are several cracks, 
which are more or less filled in with mica and iron-oxide. Some, if 
not most, of the mica in the cracks is the same wdiito variety which 
prevails throughout the slide. This parallel cracking, coincident 
with the foliation, is another interesting analogy between this schist 
and the crushed granite, and is of course suggestive of similarity of 
causation. 

11. Inject lonSchisfs, or iJiofte in tvJihh the Banded Structure is 
due to the l*a redlel'mu of Intrusive Veins. 

Two vari(‘tics of this rock are here described. 

Duplex Diurite-ijneiss, formed from reins of Diorite in Diorite . — 

This fine-bandi^d rock is common in one of the quarries at North 
Malvern. Paridlel seams of grey granitoid diorite (No. 3) are 
enclosed in a black variety (])robably No. 1). The difierences 
between the oidinary diorites and their gneissic representatives cer- 
tainly do not militate against mj' theory of the origin of the latter. 
The following points may bo noted : — 

In the massive black diorite there is some epidote and chlorite and 
a little green biotite, but in the gneiss there is a much larger pro- 
portion of biotite, and most of it has a definite orieutation parallel 
to the direction of the adjacent vein. Some hoematite also, which 
is in lath-shaped forms, is similarly orientated. The felspar of the 
ordinary diorite is cloudy, rarely showing plagioclaso-twinning, and 
contains numerous clear microliths. In the gneiss the felspar of 
this diorite is rather clearer and sometimes displays striping. 
Comparing the unfoliated grey diorit-c with the grey variety in the 
gneiss, there is no material difierence observable. The crystalli- 
zation of the latter is larger, but in both cases the felspar is pre- 
dominantly plagioclastic, and the proportions of hornblende, biotite, 
epidote, and quartz are about the same. 

Owing to the want of continuous sections, I was unable to trace 
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an actual passage between tlie massive and the foliated diorites ; but 
if the former were diorites, so were the latter, and I submit that 
there is nothing in the iiarallelisni of the voiniiig ineoiisistcnt with 
the theory of an igneous origin. But tlio description of the next 
variety of gneiss will throw additional light upon this (piestioii. 

Granite^-diorite-gneias^ formed from tudn^ of Granite in I>iorite . — 
Tliis is the most cons])icuous gneiss in the IMalveni Hills. The 
gneiss itself and the rocks out of which it is constructed coiistitutc 
about one half of the entire mass of the range. The diorit(i is black 
and of medium grain (Xo. 1). Tiie i>roduction of the ]):inded struc- 
ture is well seen in the long ridge extending bt'twetui the W'yeh and 
the Wind’s Point. At the western rjuarr}- on the south side of tho 
Wych there is a mass of the diorite wdth granite veins. It a]>])ears 
to pass into the gneiss of wliich tht; section chiitly consists, but 
junctions arc obscured by dehris. Similar rocks, in whieli there is 
the like association of massive and foliated mixtures of the diorito 
and the granite, are seen at intervals along 1]u‘ crest of the ridge to 
tlie south. At the top of the tliird summit tho relations of tho 
rocks arc well seen. At one spot the granite is intrusive in tho 
ordinary irregular veins, hut it passes ratlier ahruptly on tlio north 
into a rock in which the veins strike in a definite direction to tho 
north-west, producing the handl'd structure of a gneiss. This rock 
is also well exposed about tho Wind’s Point. 

Tho granite-scams in the gneiss vary considerahly in thickness. 
Hometimes they are continuous hu* yards, hut frecpn'utly they are 
lenticular iii section. They often heliave like veins in their raj)id 
attenuation and in their branching hahit. Tlieir jiarallolism is hy 
no means uniform, as they sometimes pass (>]>li([ucly across tho inter- 
banded diorite. Comparing microscopic specimens of this gneiss 
with slides from the unfoliated veiu-siruct-\ircs in tho Wych ipiarry, 
I do not hesitate to say that it would ' be impossible to dotormino 
which was gneiss and wbicli was vein-structure. In botli cases 
there is some epidote and chlorite produced in tho diorite at tho 
junction of the granite, and for a little distance from it, while tho 
granite is slightly cracked. 

This banded gmdss is, then, a binary mixture of igneous rocks, in 
which regional pressure has produced a i>arallelism of tho grariito- 
veins. 

4. General Remarks. 

As this paper is strictlj^ introductorj.-, the evidence offered is in- 
complete ; but it will perhaps suffice to prove that some of tho 
Malvern schists are produced out of igneous rocks, and to create a 
presumption in favour of a similar origin for other varieties. 

In the formation of some of the schists, the chemical and mineral 
changes have been very great ; but into this division of my subject I 
have barely entered in the present communication. 

ji.880ciation of the Gneissic Hoclcs with tlm Jgneona masses. — It is 
generally true that particular varieties of gneiss and schist occur in 
the vicinity of the igneous masses to which they arc respectively 
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most neaxly related in mineral composition. A few examples are 
here given. 

In the North Hill wo have largo masses of several kinds of diorite 
penetrating each other in veins, and it is in this locality that we 
find the diorito-gneisses, simple and duplex. 

North of the Wych the above-named diorites are intennixed with 
granite, and here wo have a variety of giieissic rocks of more com- 
plex structure. 

Between the Wych and Swinyard’s Hill there is little besides black 
diorite and granite, and here avo chielly find the banded granite- 
diorite-gneiss. 

Swin^^ard’s Hill consists largelj?^ of granite, and it is in this ridge 
that the flaggy quartzo-felsj)athic schists occur. 

In Midsummer Hill there are masses of coarse diorite, and the 
gjioissic rocks in association with them are certainlj" more allied in 
mineral composition with this diorite than with an}^ other igneous 
rock of the region. 

liuggedstone Hill contains schists widely differing from any of 
the above, and here the associated igneous rocks are lelsite. 

These associations cannot be due to accident, and even if no direct 
j)roof of actual conversion could be ofVerc^d, they would be of weight 
in the argument. 

ylbsence of fStratiJication. — Excejit^ perhaps in the liaggedstono 
Hill, i could detect no true bedding in the crystallines of the 
Malvern Hills. The zones of igneous jind foliated nxk, though 
they have a predominantly norlh-wc^st strike, heluive more like veins 
than strata. Where a siifHcicntlj'^ large surface is exposed in plan, 
wc find the hands, whether massive or schist()se, rapidly thin out. 
Eor example, on tin* crest of the ridge about half a mile north of the 
Wyeh the attenuation is usually from east to west. Eig. 3 shows a 
part of one of the oxjioauros m this locality. 

Affe of the llocle. — I see no r<*ason to doubt the received views as 
to the ago of the greater ])art of these roeks. At tlie south-western 
extremity of the itaggedstoiie Hill, the Hollyhush Sandstone rests 
at a low angle upon the edg(\s of nearly vertical schists. The old 
rocks of the Salopian district afford confirmatory CA^’idencc. The 
Uriconiaii eonglomerato of (Tiarlton Hill contains scA^oral varieties of 
platonic rocks, most of wliich can ho matched in the Malverns, and 
these Uriconijins are themselves older than the Longmynd series t. 
It is possible that the fclsites and the scliists formed from them are 
of a younger epoch. 

Period of Metamorphism . — The most effective pressures may have 
acted at more than one ])eriod ; but there is no doubt that the meta- 
morphism was substantially complete before Cambrian times, since 
it is incredible that a force producing a strike transverse to the 
ridge could have acted without dislocating the strike of the flanking 
Cambrian and Silurian strata. 

* Afior further research I think it no longer necessary to make even this 
slight reservation. — C. O., July 20th. 

t Quart. Joum. Geol. Soc. vol. xlii. p. 481. 
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Schistositj/, wJiethei* produced before or after Consolidation , — ^The 
evidence I have submitted points towards the latter alternative. In 
some of the diorites of the North Hill we have seen that the in- 
trusive veins passed along' planes of jointing and contained fragments 
of the enclosing rock, as in Galway. Then, too, the schists formed 
from the granite and the felsite are the effect of crushing. I prefer, 
however, to i)ostpone the more adequate discussion of this question. 


Fig. 3. — Plan of Pein-strurture in Schistose JlocJcs. 



A. Coarse granitoid rock with biotite. 

-B. Bands composed f granilo-vcins, with scams of’ dark mica and of coarse 
rock (A) foliatet . 

C. A rein macrosco] ically like a fine-grained diorite. Under the microscope it 

is seen to consisi of hornblende, two micas, epidote, and quartz, and has a 
rude foliation ir a specimen taken at the margin. 

D. Black schist, chiefly mica, penetrated by small granite-veins. 


5. Summary. 

1. Manj" of the gneissic and schistose rocks of the Malvern Hills 
were formed out of igneous masses and veins. Amongst the materials 
which underwent the metamorphism were several varieties of diorite, 
a granite, and a felsite. 

2. The parallel structure has been caused by regional pressure. 
This conclusion is proved by the intense contortion of granite-veins, 
and by the mechanical effects recognized in the rocks under the 
microscope. 

3. The products of the metamorphism are divided into (1) Simple 
and (2) Injection-schists, the former elaborated out of one kind of 
rock, the latter out of at least two kinds, one being intrusive in the 
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other. The Simple Schists described are hornblende-gneiss, formed 
from dioritc, mica* gneiss from granite, and mica-schist from felsite. 
The Injection-schists noticed were duplex diorite-gneiss, composed 
of veins of dioritc in diorite, and granitc-diorite-gueiss, of veins of 
granite in diorite. 

In conclusion it was observed that : — 

(1) Particular varieties of gneiss and schist generally occurred in 
the vicinity of tho igneous masses to which they were most nearly 
related in mineral composition. 

(2) No true stratilication was detected, the bands of igneous and 
of foliated rocks thinning out rapidly, in tho manner of veins. 

(3) The receivtid view of the age of tho greater i>art of the rocks 
was not affected by tho conclusions of tho Author. 

( 4 ) The chief motamorphism was eom^deted before the Cambrian 
epoch. 

(5) Some, at least, of th(^ schistosity had been caused subsequent 
to consolidation. 

(For the Disclssion on this paper, see p. 514.) 
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38. On the Bemaiists of Fishes from the Keitper of Warwick and 
Kottihgham. By E. T. Bewtoh, Esq., F.G.S. With Notes on 
their Mode of Occurrence, by the llev. P. B. Brodie, M.A,, 
F.G.S., and Edw. Wilson, Esq., F.G.8. (Read May 26, 1887.) 

[Plate XXII.] 

At the meeting of the British Association which took place last 
»September, at Birmingham, the Rev. P. B. Brodie called attention 
to some specimens of fishes which he had obtained from the Upper 
Keuper of Shrewlcy. The specimens, which he has kindly sent to 
me for examination, are, unfortunately, very fragmentary, but still 
many of their characters can be deciphered ; anti seeing that 
Ganoid fish-remains from these deposits are of such rart^ occurrence, 
it is very desirable to }»lace on record any fresh evidence which 
may be brought to light. Portions of seven sjiecimens have been 
found, the best preserved (PI. XXII. fig. 1) showing the left side of 
the body, minus the head and nearlj" theAvhole of tht^ iail, but with 
parts of the dorsal, pectoral, ventral, and anal fins jjrest'rvtnl in situ, 
wdth one or two rays of the tail-fin. In its present condition the 
specimen measures one inch and a half in length. 

The second specimen (fig. 2) seems to include thi^ whole of a fish ; 
but it is so curved round, twistt‘d, and crushed, that its form is 
well-nigh obliterated. When p(*rlect, it jnobably measured two 
inches and a half in length. Tin; large fulcra of the tail-tin are 
Avell seen from above ; hut Avith the excerption of oin? or two 
plates, probably belonging to the head, litlh) of thc! structure can 
be made out, 

Th<r third specimen (tig. 3) apjw'ars to be a lu'ad Avith the right 
pectoral fin and a ])ortion of tlur body ; but none of tho bones of 
thc head are pnrserved, and there is merely an outlincr in the form 
of a head in front of the jiectoral arch. I’avo other fins are ])re- 
served on this block of stone, but tlnry seem to be parts of another 
fish. Thc fourth specimen is a i)orlion of a body Avith the ventral 
fin (fig. 4) preserved. 

The fifth and sixth specimens (figs. 6, fl) artr portions of tails. 
The seventh specimen, now in thc British 31 useum, is a body with 
perhaps a fragment of the head, but A\’ithout any tail or fins. The 
scales, in thc middle of the side, have their hinder margins denticu- 
lated (fig. 7). 

So far as preserved, these specimens are much alike, and there is 
nothing to lead to the supposition that they belong to more than 
one species. Judging from the best specimen (fig. 1) the body is 
comparatively deej), its entire length, Avhen perfect, being only 
about two and a half times the depth. At the front part of this 
specimen there is a curved fragment, which seems to be part of the 
pectoral arch, and a little behind this there are traces of the 
pectoral fin. The form of this fin, however, is better shown in 
another specimen (fig. 3). If the lower margin of this specimen 
(fig. 1) be divided into three equal X)arts, then at the juncticn of 
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the first and second thirds will be the attachment of the ventral fin ; 
and at the point between the middle and hinder thirds the beginning 
of the anal fin. The form of the ventral fin is best shown by speci- 
men number four (PI. XXII. fig. 4). The pectoral, ventral, and anal 
fins are of moderate size ; but the single dorsal fin is large, with strong 
and seemingly articulated rays, while its anterior border is provided 
with well-developed fulcral scales. This fin begins nearly opposite 
the ventral fin, and seems to have extended backwards almost to 
the anal fin ; but the hinder part being broken away, its exact 
extent cannot now be seen. Severjil ridges and grooves extending 
downwards from the dorsal fin indicate the presence of strong 
interspinous bones. The tail-fin is not preserved in number one 
(fig. 1): ])ut the fragmemts of tails (figs. 5, 0) show that the 
upper lobe was larger and stronger than the lower, and had its 
iipjKjr margin furnislied with j)articnlarly large fulcra (see also 
fig. 2), and its sides (;overed with elongated s])indle-shaped scales. 
Tlie sides of the body are covered with comparatively strong, 
shining, rhomboidal scales, which in the middle region are large; 
and from two to three times as long from above downwards as 
they are from hack to front. Towards the tail, as well as above 
and bcilow, the scales Ix'come smaller and nearly equal-sided. The 
surface of the; scales is smooth and shining; hut on some; of them, 
especially towards the; tail, two or three indistinct ohliepu; ridg(‘s 
run from front to hack. In the first specimen (fig. 1 ) the hinder 
border of tlu' scales is impeufect, and it is not ck;;ir whether tins 
was smooth or denliculate; ; but s])ecimc*n numbeu* siweji luis some; 
at least ot the body-scales fintdy denticulate (fig. 7). One of ihe 
tails (fig. (>) also stuwvs that in some of the scab's the indistinct 
ridges end in ])oints on ilu' hinder margin. 

tfnforf uiiately none; of lh(‘ sp(‘cimens give any cb^ar information 
as to th(; form of tlu; h(;ad, or of any of its hones or ])lat(;s. The 
restored outline of figure 1 is bypotlK'tical, and is merely added to 
giv’e a better idea of the ])osition of th(; j)arts ])reserved. In the 
})osition Avhere tlu; bones of the lunul might be ex])t‘cted (figs. 2 and li) 
there are onlj' indistinct traces, which may be bones partially 
dissolved, and these appear granular on account of the sandy 
matrix heneath. Si)ecimen number 2 shows what seems to be a 
comparatively hirge conical tooth near the end of the snout (fig. 2,u). 
In the opercular region then' is a broad plate (7>) with tw^o 
tooth-like prominences at its liinder border, wdiich may be one of 
the opercular bones ; and a strongly striated plate (c) seen a little 
further back will ju-obably bt;ar a like interpretation. The seventh 
specimen also shows a similar striated plate. 

The only ganoid fislies Avhich have been described from British 
Triassic strata are the unique specimen of Dipteronotus Cjfphnsi^ 
from the Bun ter of Bromsgrove, described by the late 8ir Phili]) 
Egerton and the Palmnii^cus superstes, also described by the same 
author t, from a specimen found by Mr. Brodie at Eowington, in 

* Quart. Journ. Gfeol. Soc. vol. x. p. 367 (1854). 

t Idid. vol. xiv. p. 164 (1857). 
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beds of the same Upper Kouper age as those which have now 
yielded the specimens above described. To neither of those Triassic 
iishes can the Shrewley specimens be referred. In the form and 
position of the tins the Shrewley spedmenB agree with tSemionottis ; 
but with such imperfect material, more especially the absence of 
information as to the nature of the h<‘ad, tlic generic atiinities of 
this fish must be uncertain, and I am unable to find any dcvscribed 
sp<‘cies with which it will agree. Amongst the forms described by 
Agassiz, Semvmotus striatns^ from the Lias of Seefeld is ])erhaj)S the 
merest to our fossil : but besides l)eiiig much larger, this has all tlie 
scab's of a more uniform size. In this latter ])articular >S. JSils- 
is more like, but in other respects it is <‘ven further removed 
from, our specimens. Sir Philip Kgerton deserilx'd thret‘ species 
of S(‘mi(niotns from beds, said to la* of Liasvsie, age, at (iisttdla- 
man't; hut the d(^serij>tions of these art' suflieit'nt to show 
that they art^ not the saints as tht' Shrewh'V d'riassie lisht'S. 

If it should he thoiiglit desirahlt^ to havt* a namt^ for such rare 
liritish fossils, it is suggt'sted that the sjM'cit's Ix' called after its 
discoverer, ^inrionottis JJnx/u f. 

Mr. lb AVilson, at the British Association Alt't'ling at York§, 
Called att(.‘iition to the disttovery of 1‘ossil fishes in Kt'upt'r ht'ds at 
Nottingham. In tht' abstract of this pa]>er it, is said that Th(i 
specimens he ohtaint'd havti bet'ii examint'd by st'vt'ral compettait 
aiUht)]-ities ; but, unfortiinattdy, their state of ])rest‘rvati()n is so bad 
that nothing cortaiji can he madti out as to tlu'ir ju'ec.ise zoological 
atiinities. Dr. Traquair, liowevt'r, helievt's that, tin*}" ])ro1>ably 
1) dong to some speeit^s, new or old, of the gt'nns /Semionotus." No 
further account seems to have bt'.en published ; hut Mr. Wilson has 
h(um good enoiigh to let nn; see t.liese sp('eim(‘ns. A fijw of liis 
best exami)les were prc'seiited to tin* Nottingham riiiversity (.'ollegci 
NIuseum ; and through the courtesy of tin- museum autliorities and 
of th(' Curator, Mr. J. AY. Carr, I havt^ had tlu^ opyxnt unity of 
examiTiiiig thest; also. The nnmlnu’ of fishes in this (h'j)osit must, 
have been very great, as will b(^ gatlmnxl tVom tbo notes by 
Air. AVilson (]). 542). Alanv of thes(‘ have tin; scales w<'ll preserved ; 
hut unfortunately none give any satisfactory chn; to tin; form of the 
hod's'. One of the most perfect is on a small slab hebmgirig to the; 
Nottingham AI\ist;um, and is marked Nei. 1. In size*, as in (ithe;r 
respects, this agrees fairly well with the Shrewley fi.she;s ; it is 
lying partly on its back, so as to show both the; veintral fins and 
above them the dorsal fin ; the; tail is twiste,el rounel, so that its 
upper border is now turned downwards. The })osition of the head 
is indicated by some irregular bony plates; hut its form is uncertain. 
The moderately lieteroccrcal tail and the position of the dorsal and 
ventral fins agree with Semionotus^ and ]3ossibly the fish may belong 
to the same species as those discovered by the llev. P. 13. Ilrodie. 
The dorsal fin-rays which are preserved are entire and not articu- 
lated, as in the Shrewley specimen ; it may he, however, that these 

‘ Poissons Fossdles,’ toI. ii. p. 231. t Loc, cit. p. 229. 

^ Proc. GeoL Soc. vol. iv. p. 183 (1843). § Eep. 1881, p. 037. 
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are anterior rays, while those preserved in the Shrewley fish are not 
the front ones. Another specimen, also belonging to the Nottingham 
Museum, and, apparently, part of a similar fish, has these entire 
dorsal fin-rays very well shown (PI. XXII. fig. 8). 

On the same slab with Xo. 1 specimen there are fragments of 
what appears to b(i a Paheoniscoid fish. This is a portion of an 
extremely hc;teroceroal tail (marked No. 2), the uppcT lobe being 
covered by numerous slender elongated scales. Home of the more 
anterior and vtuilral scales of this fragment have longitudinal stria- 
tions ; and otli(‘r fragments on the same slab, with strongly striated 
scales (markcid and 4), ])robabl 3 ’ belong to the same? fish. The 
markings on theses scab's are not easj’ to deciidier, but th(*re seem to 
b(' five or six oblirpie ridges traversing the ('xj)osed part of the scale. 
Figure; J) fairly repn'sents one of tlu'st; scales, which arc much like 
those of Klonivhllnjfi given ly* Dr. Tracpiair 

On aiiotlu;!* sLib there arc fragments of a larg(;r fish, as indicated 
by some massc's of scales ; but tlu'se are too fragmentarj’ to call for 
more than a i)assing notict*. 

Notts on the Upper Keoper Section at Shr< ivlep ivlu re. the Fish were 
foinn!^ ami tai the Trias ffeneralhi in Warwicleshire, 13}’ the 
Rev. P. 11. Pro Din, M.A., F.G.S. 

As a rule, the Trias in Un'at Britain, considi ring its extent and 
thickness, is noted for tin; paucity and rarity of h)ssil8, perhaps it is 
tin; most unlossilibTous of all rocks coniainhig organic remains in 
this countiy, es]»ecially wlu n conqiarc'd with the abundant fauna 
and llora of the N(‘W Rod Sandstone in Furopc; and other parts of 
the world. Any addition then lbn* to our knowb'dgo in a field so 
comparatividy barr<*n is of eonsid(‘ral»le int(*rest to tin; Pahcontolo- 
gist. It is now many ^a'ars ago since 1 discovered Pahvoniscus 
snperstes^ aj)parentl 3 ' the last (»f the g<*nus, in the Up]>er Kcaiper at 
Rowington. I.ast summer, in com]»anv witli mj’ son, Mr. Douglas 
Brodie, 1 visit{;d tho sandslom'-quarrv at Hlirewlc}% and he drew 
my attention to some obscure n'luains on a slab of sandstone which, 
when cleared, turned out to la* jiortions of fish, unfortunatoh' 
fragmentary and ill preserved, belonging to the genus Scniionotasf^ 
which, though frc'ipient in the (ierinan Keu])er at Coburg, Stuttgardt, 
and elsewhere, has not bi'i'U i)revioush' recognized here'. On a 
set'ond visit I found a tew mor<* in a somewhat betti'r condition, all 
of which I pLured in ]Mr. Newton's hands. On the slab on which 

* Pal. Soc. 1877, jd. v. 

t Another aiul larger llsh was found at Shrewley some years ago, but tho 
owner will net part with it nor allow it to be figured or described. I showed 
II photograph 1 Iuiah' of it tt> Sir P. Kgertou, at tho meeting of the British 
Association at Exeter in ISti^l, and hethoughl it might be a species of Semionofuti. 
It measures from head to tail about o inches in length and half an inch broad 
in the centre of the bod\' ; it stands out in relief, lyiug on its back on a block 
of sandstone, and resembles in its mode of preservation some of the fine fish 
from the llminster bias, discovered by my friend the late O. Moore. In the 
New Bed Sandstone of North America several fossil fish have been met with 
and will shortly be figured and described by Dr. Newberr^', of the School of 
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the first specimens were found wefa two impressions of footsteps of 
a large Lahifrinihodon^ and I fancy that the whole number, seven, 
may have been lying on the surface of one large slab afterwards 
broken on removal. The following section of the quarry will 
show the probable position of most of the fossils which occur 


there : — 

ft. in. 

1. Soft, brown-coloured sandstone, current-marked O 11 

2. Orreen marls, more or less sandy 4 7 

3. Friable sandstones, in bods divided by green marl, sober at the t<»p, 

getting luirderat the boiloni, with green marly surfaeo 7 2 

4. {Seven or eight bods of sandsl.ono ot‘ variable hartlness, witJi Katlicria, 

divided by marls, the bottom rock the hardest 5 0 

/>. Hard tea-green marls with Ksfhoria 7 0 


Total 24 8 


This section fac(?s the south ; at the east end of the quarry 
there are about 20 feet of i*(kI marls, abovc^ lb(^ green marls 
and thin-bedded broAvn sandstone. Nos. 1 ic 2. Idle strata are 
nearly horizoVital. The ‘bottom rock’ is (‘.x]»osed on tlie canal at 
llowington, where it has a slight dip, owing to a local disturbance, 
and it ajijiears again on the road Ixdween tlmt village and Shr(‘wley, 
and elsewhere. The lowi st bed in No. 15, jnobably containing tlie fish, 
is a rather soft, gritty sandstone, made iq) of small grains of white 
quartz and other varioiisl}' coloured rolled material, very smtill, 
loosel}^ connected togi'ther, and readil}' broken, lli'ie and then* tliis 
sandstone is traversed by bands of green marl. The most abundant 
organisms in this bed, which have bcicii known for a long time, Jire 
the remains of (kistratdonts, consisting of teeth, palatal and cutting 
(the latter very rarcf), of seviu’al sp(‘cies of sharks, with the dorsal 
spines and, occasionally, jiortions of the shagreen. 1 have in 
my collection a series of small jialates, united together, which is 
a unique example frcmi the Tri.is here. A similar stratum, with 
similar fossils, occurs at several localities in Worctestershire. 
Footprints of generally of small size, are occasionally 

found on the surface of the sandstones ; and at Itowiiigton remains 
of plants in a very imperfect c'ondition, among wdiich is l^uJtzin in 
fructification, and some small fruits resembling the Jurassic Carjtoli- 
thvs, so called. The ‘bottom rock’ is an (*xcellent and durable 
building-stone, and was formerly largely quarried at Kowington 
and other places. Jn most w’orks on geology the New lied Sand- 
stone is simply classed as a series of strata of variously coloured 

Minf‘S, New York. ITe informs me that he lias enumerated about twenty 


species from the American 'J’riaB, viz. : — 

Cafopferiis, Redfiold species. 

Ischt^pfrrus, Egerton = 12 ,, 

DipJnrii,% Newberry 1 „ 


Dr. Newberry states that the American genus Ischypfer^ts is so near to the 
genus Semionotiis, that if found in Europe, jigissiz would have referred it 
unquestionably to that genus. 

Q. J.G. S. No. 171. 


2o 
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marls and sandstones, including the waterstones at the base. Now 
there are in Worcestershire several marls and sandstones, including 
the Waterstones, having at the bottom tlio hard rock above men- 
tioned, overlying green marls with Estlierla^ su(;ceeded by a thick 
stratum of rod marls, which evidently come between these and the 
low<‘r Waterstones at Warwick, Leamington, Cubbington, and else- 
where, so tliat tl)(j New lied in this district might bo fairly' divided 
into lipixo- and Lower Ivenper, with two important lieds of sandstone, 
one above and anot}K‘r below, separatcul by red marls, which W'Ould 
form hereabouts the dividing line. The sanu; tiling apjdies to the 
neighbourhood of llugby*, and is, 1 see, adojitiMl by' the local 
geologists there. ^Ihe same subdivision is also iidojited by' the 
ll(5V. J. ]\Iello for the Cheshire Trias ; and I think it might be 
gfuierally and advantageously ado])ted wliere these two sandstones, 
wliieli differ lithologically', are. closely s(‘})a rated by a thick inter- 
vening mass of Tfsl marl. The Wabustones are famous for the 
number (comprising nine genera) of Sahnnandroid Ihitrachians, a 
large number and variety of wliieli liave h(‘en found at Warwick, 
lioamington, and (Jovent ry ; and a unique collection is ]>reserved in 
the Warwick MuscMtin. 

T may add tliat although thtj nsl roiks of Xenilwortli and 
CoviMitry ha,v<i hitherto b(‘en assigiusl t.o th(‘ IN'rmian, there setuns 
every jirohahilily that a larg(‘- proportion of tlu‘ former will now 
have to be classcul with the Trias. 

Notes mi the. Triossic Jieds nt Colioirl' ^Voody near Notti ogham. 

Ly Edw. Wilson, Ksip, E.G.S. 

The small fishes described "were found by* me in the summer of the 
year 187‘d, in the root of a tunnel which was being driven through 
the side cif tlu^ hill at (k)l wick Wood, near Nottingham, for the Leen 
Valley Outfall Si'wer. They come friuii the Lower Sandstone or 
‘ Waterstones ’ of the Ujqier Keuper, which at this point rest upon 
the * Ikisenu'nt-heds ' of the Lower Ivenper. The fishes were 
ap]>ar(*ntly limited to the lowest stratum of the ‘ Wat(‘rstones,^ a 
hed of greenish-yadlow sandstone 10 inches thick, with intercalated 
streaks of real and green marl, and a seam of pebbles at its base, 
and to the bottom imli or two of that stratum. Tliis bed may' bo 
scon crop]iing out in an adjoining titdd on the hillside which here 
forms the oscarjuueid of the Trent Valley, but it is not fossiliferous 
at that point ; and altliougli there have been many oppoi-tuiiities 
of examining the strata at the same horizon on the east side of Not- 
tingham, and at othei’ places in the vicinity', no traces of any' similar 
organisms have, so far, been tliscovcred elsewhere in the district. 
In addition to the exceptional interest that is always to he derived 
from the presence of organic remains in Triassic rocks, as a rule so 
barren of life, there were two points specially noticeable in con- 
nexion with the occurrence of these fossils in the Keuper at 
Nottingham ; namely', first, the great number of the fishes, there 
being quite a shoal of them for a distance of thirty' feet or there- 
about. in the line of section, the individual fishes even lying over 
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one another in the middle portion of that distance, bnt gradually 
becoming more widely separated in either direction until they 
finally came to an end ; and, secondly, their oeeurrence at the 
junction of two subformations of the Trias, namely, of the Water- 
stones of the Upper Keuper and tlie Uaseinent-beds (Lower Keuper). 
This may be, and probably is, merely an accidental coincidence. 
At the same time, it may be worth while to rt'cord the fact. The 
two series of deposits, at the junction of which this fossil shoal of 
fishes was found, are of ver}* diverse characters, and were formed 
und(^r very ditferent physical conditions. The Keuper llaseinent- 
beds are a series of gritt\% false-bedded sandstones with frac- 
tured quartzite ])ebbles and strange wedge-sha]>ed intercalations of 
fine red marl and marly irregularly beddc'd and showing 

clear signs of the existi'nce of jjowanfnl cnn’(‘nts as wcdl as of 
considerable conttunporaiuMms erosion. Thes(‘ d(*posits 1 believe to 
have probably had a tliiviatile origin. The \\’at{*rstones, on the 
other hand (at the base of which the fisln's ocenrn'd, and b) which 
series they belong), are regularly lu‘d(hMl fin(‘-graiji(‘d sandstones iind 
luarls, showing rijqde-niarks and sun-cracks'^, and w(‘re (widinitly 
formed in watins which were tranquil but extrenudy shallow, find 
liabh* to entire and porluqis rapid desiccation. These Wiite-rs wiTe 
in fdl jirobability those of sjiline hikes or lagoons. Possibly the 
fishes found fit Cohvick in;iy Imve become entrappial in the sluillow's 
of such a hik(\ find killed in numb(?rs by tlu^ diying-uj) or the 
iiicrcfising salinity of th(> W'ater. 

EXPLANAIION OF PLATE XXIT. 

Fig. 1. Sc/niovofttK, found by the Rev. P. R. Iji-cKlie in the Upper Keuper of 
Slirowley, twice natural size. d, dorsiil tin; pi'ctoral tin; 
V, ventral tin ; an, amil tin. The head and gr(*ater ]){o*l of the tail 
arc Avunling, but their probfible lorm is indicated by a bypolbctieal 
outline. 

Fig. 2. A inucb crushed specimen, natural sr/.e, showing the largo fulcr.al 
scales of the tail. 

Fig. Another example, twice nat.ural size, showing ]>art of bead, pectoral 
tin, and po-ssibly part of ventral tin. 

Fig. 4. A fragment, sht)wing ventral tin, twice natural size. 

Fig. 5. A tail, twice natural size, ,showiiig its moderately heleroccrcal cha- 
racter. 

Fig. (). A similar specimen, also twice the natural size, showing the largo 
fulcral scales. 

Fig. fi«. A few of the scales, further enlarged. 

Fig. 7. Scales, enlarged, from a specimen presented to the Rrilish Museum 
by the Rev. P. B. Brouie, showing their denticulate margins. 

Fig. 8. One of the numerous specimens of }<€77d<otofiiH found by IMr. E. Wilson 
in the Trias of Colwick Wuod, near Nottingham ; natural size. 
Other examples show that the >entral fins (and probably the anal 
fin) were situated ns in figure 1 above. 

Fig. 9. A scale, enlarged 20 diameters, of one of the Palieoniscoid fishes, also 
foimd by Mr. E. Wilson in the Trias of Colwick AVood. 

* In these lowest beds of the Waterstor.es at Colwick I found the stem of a 
land plant having the appearance of Eguisefifes culunmaris, and jirobably 
alUed thereto. Unfortunately it was only a sandstone cast, and too friable fa 

remove. 
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39. On the Lower Part of the Upper Cretaceous Series in West 
Suffolk and Norfolk. By A. J. Jukes-Browne, Esq., B.A., 
F.G.S., and W. Hill, Esq., E.G.S. (Bead June 8, 1887.) 

Introduction. 

The zonal subdivisions of tho Cambridgeshire Chalk were first 
described in 1 880 and more fully in the Memoirs of the Geological 
Survey, in 1881 t, tlie outcrops of tho Toiternhoe Stone and the 
Melbourn Bock having then been traced as far as Burw^ell and 
Newmarket respectively ; but the survey of the Suffolk Chalk having 
been prcviouslj^ comjdcted, the lines 'were not continued on the 
Survey map. 

The section exj)osed in the cliffs near Hunstanton has often been 
described, but the beds there seen are very different from those 
which oocu])y a similar sfratigraphical position near Newmarket; it 
was evident, therefore, that bet'W^ecn these two places the beds 
forming the lower part of the Chalk underwent a considerable 
amount of lateral change, .and that, until more was known of the 
manner in which one facies of the Lower Chalk passed into the 
other, no correlation of the Norfolk and Cambridge sections could be 
more, than suggestive. 

Moreover, in the absence of this information, one of us lias found 
much difficulty in correlating the subdivisions of the Lincolnshire 
Chalk with that of the Midland counties, and he felt that when 
once the constitution of the Norfolk Chalk was ])roper]y understood, 
that of Lincolnshire, which bears great resemblance to it, would no 
longer offer any difficulty. 

It being clear, therefore, that important issues depended upon an 
investigation of the changes that take place in the Cretaceous rocks 
as they jiass from Suffolk into Norfolk, it was Avith the object of 
exploring this terra incof/nita that we stiirted from Newmarket 
in June ]88(), and worked rapidly northward as far as Shouldham 
and Marham in Norfolk. By this traverse we succeeded in obtain- 
ing some important information, Avhich was communicated to the 
Hirector of the Geological Survey, tho result being that Mr. 
Whitaker was sent into the district, and one of us accomjianied him 
in continuing the work through Norfolk to Hunstanton. During 
this traverse the lines for the Melbourn Bock and Totternhoe Stone 
were drawn, and that for the Melbourn rock will be engraved on 
sheets 65 and 69 of the Geological Survey map. A third visit was 
made in September, and two others in the spring of this year, for 
the purpose of gaining further information on certain points, and 
superintending the execution of three borings which were made for 
the purpose of testing the accuracy of our conclusions at localities 
where little natural evidence was obtainable. 

* Gool. Mag. dec. ii. vol. vii. p. 248. 

t ‘ Geology of the Neighbourhood of Cambridge,* by W. H. Penning and A 
J. Jukes-Browne, pp. 20 et seq. 
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The present communication therefore is based upon our joint 
investigations in the field, checked and confirmed by the results of 
the borings, by the examination of the fossils collected from the various 
exposures, and by the study of more than 150 rock-slices under the 
microscope. 

The mass of evidence thus obtained will naturally be treated under 
the three heads of (1) stratigraphical evidence, (2) pjila^ontological 
evidence, (3) microscopical evidence; and these are supi)lemented by 
the chemical analyses which the kindness of Dr. Johnstone enable 
us to adduce. We desire also to thank !Mr. Whitakt'i’ tor his assis- 
tance and cooperation in the field, and for his readiness to impart 
such information as he possessed. 

§ 1. Stratiorapuical Kvtdenck. 

Dor the purposes of description, it will bo most convenient to 
divide our matter into three i>orlions undcsr the following heads : 
(o) the (lault and the Cambridge (Jiaa nsuiid, (h) the Totternhoe 
Stone and Chalk-marl, (r) the (irey (Jialk, Melbourn llock and 
associated beds, tracing each division from south to north, and de- 
scribing the exposures which we observed along the tract oi'cupied 
by it. 

A. T?i>e Gault and Caiuhridije. Greensand, 

On the eastern borders of Caml)ridgeshin‘, near iteach, liurwell, 
and Soham, well-sections prove the thickness of the Gault to be 
about IbO feet, the information obtained showing a variation 
between 90 and 1 1 0 feet at different jdaces. 

The greater imrt- of the Gault lies below the surface of the Fen, 
so that little can be seen of it ; but some fourteen or fifteen years 
ago many Coprolite-pits wer<i open between Keach and Soham, and 
wo quote the following observations from the ‘ Survey Memoir on 
the Neighbourhood of (^irabridge^ (p. 34) as indicating that the 
clay which here underlies the Coprolito-bed ])elong8 to a different 
and probably higher part of the Gault than that on which it rests 
near Cambridge. The memoir says : — “ The phosi)hate nodules 
extracted from these pits exhibited different characters from those 
obtained nearer Cambridge ; there was a much greater proi)ortion of 
lighter-coloured phos]>hates, and the fossils which Occurred among 
these had not ai)parcntly been subjected to Tnuch rolling, but retained 
their shells in a more perfect state than usual — Terehratuhe, Jlhyn^ 
clionellce, and Exofjyrce being especially common and well pre- 
served. . . . Amongst the darker nodules there are some which 

have a greenish exterior, and the whole assemblage has a different 
aspect from those [of the jjitsJ to the south, as if resulting from 
the erosion of differently constituted beds in the Gault.*’ 

It is also mentioned that at one pit near Keach a second 
Coprolite-bed was worked in the mass of the Gault, about 8 feet 
below that forming the base of the Chalk-marl,” the fossils from 
both beds being mixed in the washed heap. 
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Pig. 1 . — Map of the Outcrop of Creiaceom Rocha in Weat Su-ffnih 
and Norfolh. (Scale 8 miles to 1 inch.) ^ 
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Now it is remarkable that these phenomena are similar to those 
found near the southern termination of the Cambridge Greensand 
in Bedfordshire ; the phosphates dug near Barton in that county 
exhibited a similar preponderance of light -coloured nodules, and it 
was specially observed * * * § that their surfaces were fresher and less 
water- worn than those of the Cambridge nodules. It was shown, 
in tlio paper referred to, that these nodules wore in all ju-obability 
derived from iho upi)ermost beds of the Gault, and the resemblances 
between them and the nodules from the Reach and 8oham pits are 
therefore very suggestive ; this point will be again referred to in the 
sequel. 

The most northern locality where the Cambridge seam has been 
worked is near AVodd’s Farm, about two miles north-east of Soham, 
where it was not far from the surface. Beyond this spot its course 
is unknown, and no line for the base of the (..Uuilk beneath the 
Fenland has been drawn on the Geological Surv^ey map (sheet 51, 
N.E.) ; there can be little doubt, liowever, that it runs below 
Mildeiihall Fen, and probably ])asses out of sheet 51 into sheet (>5, 
about a mile and a half north-west of Lakenheath. How far the 
nodule-bed continues at the base of the Chalk-marl is of course a 
matter which could only he decided by malting a series of hoj-ings 
through the feu-beds along the line above indicated. 

(hault is said to underlie the gravel of Shrnhh Hill, which is 
an island in Jlockwold Fen, on the north side of the Little Onse, 
but the base of the Clialk-marl seems to l>e still below the Fcn- 
level. 

Botwe(*u West Dereham and Stoke Ferry the Gfiult once more 
rises above the level of the Fen, and forms a low-h ing jdain be- 
tween the ridg('s of the Lower Greensand to the westward and the 
slope of the Lower Chalk on the east. 

'J.’hat this is really Gault we have not the slightest doubt. Mr. 
C. B. Rose, who wuis the first to d(‘sei*ibc it, seems at first to have 
had some doubt whether it was true Gault ; hnt his hesitation was 
set at rest by William Smith, who identified it by the fossils he had 
found in itt, so that we find Fitton (in 1850) accepting its oxistcnco 
as an established fact. Mr. Rose afterwards succeeded in tracing 
the several detached ex])osurcs of this clay from West Dcrcham to 
Congham and West Newton, and records the finding of other Gault 
species X- From this time, no doubt was ever thrown on the occur- 
rence of Gault in West Norfolk until 1885, when Messrs. Reid and 
Sharmaii § raised the question in the ‘ Geological Magazine,’ and sug- 
gested that the whole of it was Chalk-marl, asserting that it con- 
tained a Chalk-marl fauna. 

From their conclusions we entirely dissent, and our reasons for 
maintaining that this clay is really Gault have already been 
published, so that we need not repeat them here ; but we think that 

* See Quart. Joum. Qeol. Soc. vol. xxxi. p. 262. 

t Phil. Mag. vol. vii, (18(15) p. 179 et seq, 

X Proc. Geol. Assoc, vol. i. p. 264. 

§ GeoL Mag. dec. iii. vol. iii. p. 65. 
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if Messrs. Reid and Bharman had traced the Chalk-marl through 
Suffolk and Norfolk, as we have done, and had realized the true 
position of the hard chalk exposed at Stoke Ferry they would never 
have published their suggestion. 

In our brief communication to the ‘ Geological Magazine ’ we men- 
tioned that, in order to decide the <pxcstion, we had a boring made 
at Stoke Ferry, and had proved the existt nee of a glauconitic marl 
there, wliich rested o!i blue clay at a depth of feet below the 
quarry floor (see p. 55(5). 

We niay also mention in this connexion that from the core of the 
Glauconitic jVlarl brouglit iij) from the bore at Stoke Ferry we ex- 
tracted a small but jxerfoct cast of Avicnld (frifpluroUL s in dark- 
brown phosjdiatc of exactly the same appearance as the casts of the 
same shell in the Cambridge Greensand, so tliat we feel wfirranted 
in regarding tliis bed as an actual continuation of the Cambridge 
Greensand. 

Another welhsection, at a jmint a quarter of a mile south-east of 
the quarrj", continues the succession, and shows ot) feet of Gault 
below the base of the Chalk-marl. The details are as follows : — 


SiUKl and W at<M- 

Chalk 1/. r. Chalk-amrlJ 

Yellow Marl {? (tlauroniiic bod] 

lUiio clay LGaultJ bb 

Dark grooii sand 'J 

Hods o! ruck and sand [Lower Q-roonsandJ 15 


114.1 

The thre<5 feet of “ Yellow Marl” we r<*gard as in all juobability 
the glauconitic basememt-hed of the Cbalk-marl, which has a 
yellowish tinge, especially wlum contrast (‘d with the whiter Chalk- 
marl above, and its assigned thickness agri^(‘s very closely with that 
of the bed proved by our boring. 'J'lie clay below is, of course, the 
Gault, and the “ dark green sand” is its basoment-bed, in which the 
Coproliies occur at West- Derehaiu. 

For the details of this boring we are indebted to Mr. W. 
Whitaker, who obtained them from the well-borer himself, Mr. T. 
Tilley. The three sections taken together, namely, the open quarry, 
our boring, and Mr. Tilley’s boring, give the complete thickness of 
the Chalk-marl and Gault at Bt oke Ferry, the former being 75 feet 
and the latter 58 feet in thickness. We had previously calculated 
the thickness of the Gault, taking the breadth of its outcrop as two 
miles, and assuming a dip of 1°, to be 51) feet. We shall show in 
the sequel that the thickness of this clay rapidly decreases from this 
point northwards. 

On the Gault-area the only sections are those to he seen in Gie 
trenches opened from time to time for the purpose of working 
seam of phosphate-nodules which lies at the base of the clay. T^^. 
best section open in 1880 was fit the works one mile W.N.W. 
Rereham Church ; this showed from 10 to 12 feet of dark grey cla^’ 
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with a basement-layer (9 inches thick) of sandy glauconitic clay 
containing the Coprolit-es.” This layer rested directly on brownish 
sand, the line of junction being undulating, as if indicating erosion. 
Both here and at the other pits south-\vest- of the church there was 
only one seam of nodules, and all the nodules on the washed heaps 
were of the gritty or pebbly phosphate, such as occurs in the zone 
of Ammonites mamillaris at Folkestone. In the older pits near 
West Dereham, phosphate-nodules of the darker compact kind 
usually found in the Gault occurred in the clay overlying the 
nodule-bed ; but in the present workings only pale grey or buff- 
coloured phosphates occurrcjd a])ove the bas(‘mcnl-l)ed. 

Near the farm called “ Muzzle,’’ about four miles west of West 
Bereham, a good section of thti loAver pait of the Gault can be seen 
in an old pit, where clay has been exttuisively dug for agricultural 
and other purpose's. The lower part of the face is now hidden by 
a talus slojie, due to weathering, but th(*re yet remains a ve'rtical 
section of about from 4 to f> feet. This (‘X])Osure lias bc^eu considt^reci 
by many W’riters to afford a proof of the exist (Uic(‘ of the Gault in 
Norfolk. Messrs. Ihud j>nd Sharman, howt'ver, as ]>reviously mtm- 
tioned, refer it to the Chalk-marl. They visit t'd this pit to obtain 
fossils “unmixed with derivative forms,*’ and llu'y consider the 
assc'mblage so obtained to bo characlerist it* of the Chalk-marl rather 
than of the Gault. 

We hav(* (examined the exposure carefully. All the fossils found 
here were met with in the face* of the pit except ylmynonites 
interriiptiis. Ammonitt's of this species w(^re obtained by digging 
a little bedow the floor of the lut, and app(*ared common as soft-clay 
casts; but some of the interior w^horls of at least one specimen 
phosphatized. With the Ammonites were associated numbers 
of Inocerami^ which a])p('ar to belong to Jyioc. coneentncus and allied 
species. The whole assemblage is unquestionably a Gault one. 

The area occupied by the* Gault north of W(*st Dereham is much ob- 
scured by s])reads of Boulder-clay, tfec., but d<‘ep ditches give occasional 
facilities for following its outcrop. In om* of these, to the south of 
Shouldham, Messrs. Iteid and Sharman record a bluisli-white marly 
clay, full of Belemirites minimus and B, attenuatus and Plicatula^ 
which th(',y refer to as Chalk-marl From the evidence wo have 
obtained at Muzzle and West Dereham, ;ind also further to the 
north, at Grimstou, we believe this marly clay to be true Gault. 
Mr. Whitaker informs us that, a boring at Narborough House passed 
through 85 f(*et of chalk, which was hardest near the base, th<m 
through 20 feet of blue clay or marl, reaching the Lower Greensand 
at 105 feet. 

In the neighbourhood of Grimstou we have been able to identify 
the Gault, and have ascert.aincd its thickness by boring. 

The point chosen for this operation was a pit about half a mile 
N.N.E. of Roydon Church, in which occurs a hard, grey, and gritty 
chalk, with green-coated nodules at its base, described by Mr. 


Geol. Mag. dec. iii. toI. iii. p, 65. 
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Whitaker ♦ as the probable representative of the Tottemhoe Ston 
This hard grey chalk is underlain by exceedingly hard creamy- 
white chalk, which passes rather abruptly into a softish, grey clave 
marl. At the junction of these two the hard material was d ^ 
cidedly yellower, and it passed into the bed below as layers or 
lumps separated by the marl. The section obtained bvdiffffino- 
boring is as follows (fig. 2) : — ° 


Fig. 2. — Diagram of Section shown and obtained by boring in the 
Pit about ^ miU N.N.E. of Roydon Church. (Scale ^ inch to 
1 foot.) ® 




Greyish, hard, gritty clialk, weathering in 
thin flaggy pieces, a number of green- 
coated nodules iitits base — the Liocera- 
mi£s-bed ol' Sunstanton G 0 


Creamy-white material, very hard, with 
jyi pings or mottlings of the grey bed 
above, becoming rather yellower down- 
ward = the so-called Sponge-bed of 
llujistanton 5 G 


Boring. 


I Toughish, grey, marly clay, with Brlem- 
( w/7£‘.s= Upper CJault 10 0 






Yellowish-biitf, or tawny, marly clay, 
«n»e drawing of the auger (5 iuclied) 
b(‘ing markedly red, the remainder 
stained and blotched with red... 


Blue Gault, rather greyish in tint at 
first, becoming darker, sandy, and 
almost black at its base = Bower* Gault. 


Carstone 


proved to 


1 9 


7 0 

3 0 


No hard beds were noted in boring, but subsequent examination 


Proc. Norwich GooL Soc. vol. i. pt, iii. p. 238 (1884). 
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of the cores showed that hard material had been passed through, 
probably at the top of the blue Gault. Belemnites were found in 
the cores, and also in the lowest part of the hard Chalk-marl, but 
not higher. 

About half a mile N.E. of Grimston-Road Station the following 
succession of beds, having a slight dip to the east, is shown in a 
shallow cutting of the railway. Entering from the southern end, a 
dark-grey calcareous clay is seen for about fifty yards. Some thirty 
yards south of the bridge which spans the centre of the cutting this 
clay is seen to be overlain by a bed of hard, bluish-grey rock, eight 
or ten inches thick. Two feet above this bed, and extending for 
almost the entire length of the cutting from this point to the north, 
rather more than a foot of the clay is coloured a bright reddish 
pink. This band is divided in places by uncolourcd material. 
North of the bridge, a second b(^d of pale yellowish-grey rock, about 
eight inches thick, is seen above the red band, separated from it by 
<'i few inches of marly claj’'. The lower of thcvse hard bods proved 
fossiliferous, the most abundant form I twccmmits concentrieus ; 

associated with it were Inoceramiis sidcainSf A'nnnoHites lautus^ and 
A, rostratus. The upper bed appeared to contain few fossils. 
Inoc. concentricAis occurred sparingly. 

The aucctission of these beds was further confirmed by following 
the course of the brook to the wesi; of Grimston ChiircVi. Tho out- 
crop of tho lower hard bed occurs just by a small ii eld-bridge about 
a quarter of a mile S.W. of tho church. It is (easily identified by 
its fossils, which are the same as those from this hod in the cutting. 
Following upward the course of the stream, a grc^y marly clay is 
exposed on either hank, which, just above the hard bed, and rather 
closer to it than in the cutting, is tiiigc^d wilh ])ink. Above this is 
a second hard bed. At the confluence with the main brook of a 
small stream, which takes its rise immediatelj^ to the west of the 
church, hard, creamy-white Chalk-marl is s(K‘n, bared at this point 
from all sediment by the swiftly running watiT. This spring 
apxjcars to rise at- the horizon of the hard grey chalk notc‘d at tho 
llo 3 ’don pit, with which the matcirial from the spring-liead agrees. 
Belemnites occnr from the lower liard heal to the Chalk-marl, very 
abundantly in the pink, more sparingly above it. 

About a mile to the south-west, the same order of succession of 
these beds can he made out in tho channel cut hj" the water rising from 
the Sow’s H(‘ad spring. The water here appears to come out at the 
base of the hard Chalk-marl, for hard limestone, weathering jadlowish 
and containing Belemnites, extends for some little disbince down 
stream. Below this, with about the same interval of grey marly 
clay between them as at Grimston, are two hard beds, the lower 
-containing the same fossils as before ; and the marl above it being 
tinted a dull brownish pink, is prohahly^ tho rei)resentative of the 
red hand in the cutting. 

There is perhaps some ground for doubting whether the hard 
beds seen in this neighbourhood occur continuously at the same 
horizon ; for Mr. Rose notes a hard bed at Pentney only 2 feet 
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above the base of the Gault* ; but in both the brook-sections soft 
greyish-blue marl underlies the lower hard bed, below the outcrop of 
which the banks weather down, and the strata through which the 
water cuts its way are no longer openly exposed. 

A small exposure W'as iioted of grey clayey marl, with some pinkish 
streaks, just to the east of the gardens at Sandringham, in what 
appc^ared to have V)een an old jiit close by the road. This we refer 
to the Gault. At a subsequent visit this exposure was covered uj), 
but red claye.y earth was seen just above the outcrop of the Carstone 
around sonui young tri'cs whicli had just been planted. 

That whicli we bcdieve to be tin; final thinning-out of the Gault 
clay was found by boring in the large ehalk-i)it at- Dersingham (for 
section see p. 5(10). Here, below the hard Chalk-marl, 2 feet of 
sottish pale gr(‘y marl was found, and beiu^ath this ti feet of 
yellowish-brown chalky mat-erial, hard at. the to]), but passing down 
into 2j feet of red marly clay, which rcstc'd immediately on the 
Carstone. 

This confirnis a statement of the llev. T. Wiltshire, who says-f : — 
“According to the statements of persons resident in the district 
adjoining Hunstanton, and who have seen inland sections opem^d 
for agricultural purj)os(‘s, the blue Ganlt, with its charactiiristic 
Bolcmuite, rests on tlu^ Carstoiu; at- initcham, 10 mih's south of 
Hunstanton ; hut rather lU'art^r tin? latter ])lace, and still close to 
JFlitcham, a red clay occurs immediately und(‘r the White Chalk, 
thus connecting the blue Ganlt with the Ihal Chalk.’’ 

As will h(^ svH'H in the seqiu‘l, the stratigraj)hical evidmice is 
strongly in favour of tlu^ Jled C’halk Ixung the actual continuation 
of th(} Norfolk Ganlt, a conelusion which agi'ees with that arrived 
at by Mr. Wiltshire; but it will he s(‘en that thtj strength of this 
evidence ]i('s in the ident ificat ion of the overlying “sponge-bed” as 
the real base of the Chalk-marl. 

Jl. 2he CJu(lh'-w(irl and 2\)1ternli()e Stone. 

The thickness of the Chalk-marl in (.amhriflgeshire is from 60 to 
70 feet, and its upper beds, underly ing the Totternhoe Stone, are well 
exposed in the largo quarry at lleucli and in the northernmost 
quarry^ at Burwell. 

At Ileach a face of about BO feet is seen, the highest beds being 
tough and blocky, drying to a dull greynsh white and being then 
fairly eom])act. ; they are not ri^ally bedded, but split into large blocks 
with curved and largely conchoidal fractures, and the whole mass 
is divided by strong joints ; this “ clunch,” as it is locally* called, 
passes down to a softer and darker brownish-grey marl which 
towards the bottom of the section shades into a bluish shaly* marl, 
these lower beds containing Inoceranms latus. Ammonites varians, 
and other fossils in some abiindiinee. 

The lower part of the Chalk-marl, as seen in the numerous 

* Phil, Mag. 1835, vol. vii. p. 180. 
t Quart. Joum. Geol. Soc. vol. xxv. p. 190. 



OP THE UPPER CRETACEOUS IN WEST SUFPOLE AND NORFOLK. 553 


Ooprolite-pits between Cambridge and Soham, is a soft, argillaceous, 
bluish or greenish-grey marl, containing many small Brachiopoda. 

The Totternhoe Stone is invariably found at the top of the Chalk- 
marl throughout Buckinghamshire, Bedfordshire, and Cambridge- 
shire ; and the most northerly point to which it has hitherto been 
traced is the village of Burwell, in Cambridgeshire, where there are 
large quarries and good sections. These have been described in the 
“ Geology of the neighbourhood of Cambridge (Mem. Geol. Survey), 
so that a brief summary need onlj^ be given here. The stone is gene- 
rally spoken of as a grey sandy chalk, but the roughness and ap})arent 
sandiness is probably due in great part to the quantity of the com- 
minuted fragments of /nocfiv; j/ias-shells which it contains. Its 
basement-bed is a remarkable stratum, consisting of hard, grey, 
gritty stone full of green-coated pliosphatic nodules, which vary in 
size from that of a pea to that of a walnut or small potatoo ; the 
thickness of this layer is from six to twelve inches and it is locally 
known as “ brassil.” At Burwell the upperm(»st bed of the stone 
is a course of compact grey freestone, about 3 feet thick, which 
is known as the “ bond ” course and forms the best building-stone 
of the quarries. The whole thickness of the Tottc^rnhoc Stone is not 
exposed in any of the sections, but is seen to lie more than 1 3 feet. 

The first locality beyond Burwell where wo found traces of this 
stone was in th(5 shallow entting on the new railway nearly a mile 
north of Pordham Station. Much water is thrown out here, and as 
a level piece of ground has been left by the removal of material 
between the rail and the road, shallow trenches have been dug to 
facilitate the escape of the water ; these excavations expose a 
portion of the hasement-bod of the Totternhoe Stone, which is full 
of greou-coated nodules like those of Burwell, and contains some 
fossils, such as Pecten fissicosta, Kth., and J^hjfnchotu Jla. Grasianu, 
d'Orb. Only the bared outcrop of this bed is seen, and it probably 
dips eastward, the general features of the country suggcisling that 
the long ridge on which the eastern part ofFordharn stands coincides 
with a shallow synclinal trough. The cutting north-(‘ast of this point 
is chiefly through a kind of chalky wash overlain by a gravelly soil. 

The “ clunch-pit three furlongs N.E. of Fordharn Church a]q)cars 
to be in the top of the Chalk-marl, just below the horizon of the 
Totternhoe Stone ; but we found fragments of the stone near the 
windmill three quarters of a mile X.N.E. of this, so that the hill east 
of the mill is probably an outlier of grey chalk based on the Stone. 

At Isleham there are two largo quarries, which have been worked 
for many years ; both of these show sections of the Totternhoe Stone, 
very like those of Burwell, but the base is not exposed and there is 
no bed comparable to the “ bond course ” of that locality. The 
beds seen in the oldest quarry south of the church are : — 


feeC 

Soil and rubble 2-3 

Firm greyish-white chalk 4-6 

Hard grey chalk mottled with darker grey in thin 

beds and known as “ the hards ** 2-3 

Grey stone in massive blocks, seen for... :. 6 
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The Totternhoe Btono is called “ the blocks ” by the quarrymen, 
and they stated that these extend for another 6 feet below the level 
then exposed, another course being then reached, which they call 
“ the greys,’' and water comes in at 8 feet down. It would appear 
therefore that the stone is hereabout 12 feet thick, excluding “the 
hards,” which are perhaps more fitly classed with the overlying 
chalk into which they merge. The blocky stone is burnt for lime, 
but is also used for walling and for small buildings when required. 

The other quarry is about a quarter of a mile east of the church, 
and exposes a rather deeper section, but without showing the base 
of the stone. At this pit wo wore informed by one of the workmen 
that he had found a number of large stones in a hole at a depth of 
22 feet from the surface ; according to liis account it was a cavity in 
undisturbed chalk, and the stones vverc mixed with material like 
rotten wood or decayed bones. We came to the conclusion that it 
may have been a stone-ladou mass of dritVwood which had sunk to 
the sea-bottom at this spot and been imlicddcd in the Totternhoe 
Stone. 

The railway-cutting by Islch.-im Stat ion doubtless traversed the 
Tottcrnhoci Stone, but it is now so gnissed over that nothing is 
visible, and the outcroj) on the other side of Ercckenham liock is 
entirely concealed by a wide spread of gravel. 

The well at the Isleliam waterworks, about half a mile west of 
Isleham Station, gave a nearl}- complete section of the Chalk-marl, 
the details being as follows, according to ^Mr. Hook of Sohain, who 
made the boring : — 


feet. 

Well sunk in (dialk 27 

iJoi-tul iu ( 'Inilk-inarl with (lie Ooprolito-bed at 


27 

Bored in Gault for 23 


77 

Crossing the river Lark by West-How ferry, wo come tu the large 
quarry which has been elsewhere described and which is 
remarkable for (exposing a baud of pink or light red chalk similar 
to one of those which occur in Lincolnshire. We need not repeat 
the details of this section, but may say that the bods are clearly in 
the grey chalk and must be some distance above the Totternhoe 
Stone. 

The “ cliinch-pit,” marked on the Ordnance maj) near the words 
“ Western Hit ch,” is now disused and turned into a garden ; but a 
small exposure beneath the liedge shows hrownish-groy gritty stone, 
having tbe api^earanco of TotL'rnhoe Stone, an ident ification which 
was afterwards confirmed by microscopical examination. We 
followed the slight feature made by the oiitcroi) of this stone as far 
as Beck How, the direction of the strike being about N.N.E. ; but 
beyond that place the feature is completel}' obscured by the blown 
sand which overspreads so large a part of this district. 

* Geob Mag. dec. iv. vol i. p. 74 ; and Brit. Assoc. Bep. 1886, Sect. C, p. 664. 
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On the north side of the Brandon Bivcr, near Hock wold and 
Feltwell, grey chalk is again above the Pen-level, but none of the 
pits expose anything which wc could identify as Totternhoe Stone. 
Grey blocky chalk in wdiich we could not find any fossils, but which 
must be between this horizon and the Melbourn Ro(;k, is seen in a 
quarry by the main road two furlongs north of Ilockwold. To ihe 
w’^cstward, near Hockwold Grange, there is liard block}’' grey chalk or 
“ clunch,’’ which appears to belong to the upper part of the Chalk- 
marl. A weathered exposure of this grey chalk oceiirs in an old pit 
near the Grange, A-rnmonitest varlan.'i and /noct rftmus latvs being here 
as abundant as in the large quarries near Ileach. At a small lime- 
kiln by the road, three furlongs north-east of the Grange, we saw 
about 20 feet of blocky grey chalk, which more resemblt'd that above 
the Totternhoe Stone at Ciierry llinfon than any ])art of the Chalk- 
marl, and the only fossil found was Arntnoiihes rhotoinatfenala^ which 
is not common in Chalk-marl; still the distance between the two 
exposures is so small, and the difterence of level so slight, that wo 
believe the latter to be still in the ]Marl. 

There is another small pit by the rosulside, north of White Dyke, 
and in the lower part of this are some hard dark grey beds with 
lumpy irregular surfaces, which gr(‘atJy rt'semhh; the beds overlying 
the Totternhoe Stone at Isleham (see ]). 55-t), Imt y\o afterwards 
found that similar beds appeared in the (fiialk-marl. 

South of Pelt well St. Nicholas, and near the windmill marked on 
the map, is a quarry from the face of which adits or tunnels have 
been driven, and the following section is exposed : — 

feet. 


4. Chalky soil 1 

3 . Grovisli-whiio chalk, rather hard 10 

2. Hard grey clialk in thiu irregular beds mottled 

with darker grey })ijiiiig8, about 3 

1. Softer and lighter blocky chalk, seen for 10 


The hard beds are like those at White Dyke, but the chalk below 
is certainly not Totternhoe Stone ; it resembles the Chalk-marl of 
Hockwold Grange, and the comparison is confirmed by microscopical 
examination. The caves aro excavated in this blocky chalk, the 
lower part of the hard beds being also removed, leaving the upper 
part of the latter to form the roof. If these grey beds aro the 
same as those of White Dyke, wc must infer the existence of a 
fault to account for their position at Peltwell on a higher level and 
more than a mile eastward of the former place. 

Small pits exist near the edge of the fen norik-west of Pelt- 
well, and near Methwold Hithe, but do not expose anything of 
interest. 

In the large quarries at Stoke Ferry we were able to identify the 
reijresentative of the Totternhoe Stone, and the underlying beds 
must therefore he referable to the Chalk-marl. Of these 22 feet 
are exposed, and they consist of hard blocky dull white chalk, which 
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clinks under the hammer, and has a yellowish tin^e on the weathered 
surfaces ,* no one would at first sight identify this with the Chalk-- 
marl of Cambridgeshire, hut its position is sufficient proof of its 
being on the same horizon, and it is similar to the hard blocky chalk 
of Feltwell and Hockwold Grange. 

The section exposed at Stoke Ferry is as follows (fig. 3) ; — 


Fig. 3 . — Section at Stolce Ferrif^ partly seen in the quarry, and 
partly proved hy horiny, (Scale inch to 1 foot.) 



Soil and gravel, about 

Hard whiti«li chalk passing down into 
groyisli chalk 

rTough grey sandy-looking clialk becoming 
I harder below and containing many 
J yellowish phosphatic nodules near the 
I base, whore it passes into a whitish 
chalk mottled and patched witli grey. . . 


Hard whitish chalk, without definite 
bedding-planes and weathering to a 
rough lumpy surface (Ohalk-marl) ... 


Bon'ny. 

Rubbly broken chalk 


{ Greyish shelly chalk in alternating harder 

and softer beds 

The same wiih buff-coloured stains or 

blotches 

The same as ab. -vc, but harder 


Sorter e:revinli material with mottlin^s of paler 
bluish-j'rey 

^Hard light bufT-eoloured chalk, shelly , streaked 
with black (? oxide of manganese) in the lower 

4 feet 

Dull grey chalk, rather shelly, but not so hard 


Soft whitish marl with a harder lamp here and 
there, but mostly cutting like cheese 


fRather hard greyish sandy marl with yellowish 
^ streaks, containing glauconite grains and 
L small phosphatic nodiues 


Stiff dark-blue clay 


feet. 

4 

11 


ry 


22 


14 


<) 

3 


5 


11 


2^ 

I* 


Gault 


proved to 
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We think that there can he no doubt about this glauconitic marl 
being the representative of the Cambridge Greensand (Chloritic 
Marl), and by adding the thickness shown in the boring to that of 
the chalk between the quarry-floor and the base of the Totternhoe 
^tone, we get 7o^ feet as the total thickness assignable to the 
Chalk-marl. 

The Totternhoe Stone has no definite top or base, even the “brassil 
like lino of nodules being rather at the top of the mottled band than 
at the base of the grej^ chalk ; this mottled band evidently consists 
of two distinct kinds of material, and looks as if it had been originally 
a layer of white (halk in which pi]K*s and hollows had been excavated 
and filled up with the grey mattnlal : its depth is about 12 inches ; 
it and the grey stone above split together into large blocks. None 
ot the chalk in this quarry exhibits any distinct planes of bedding, 
but the band of Totternhoe Stone is fairly consjacuous on account 
of its grey colour. 

The ridge formed by the hard beds of the Chalk-mail and 
Totternhoe Stone runs for some distance Ixij'oiul Stoke l\*rry, its 
strike being to the N.W. ; but near Werehain it^ is capped and 
partially concealed by thick deposits of gravel. About a mile north- 
west of Werehfim, and half that distance from West Dereham Church, 
there is a quarry exposing the following s<^ction : — 


feet. 

Soil and chalk -rubble 

■Rather dark grey thin-bedded gritty chalk 3 

Yellowish -grey marly chalk with many very liard 

lumps on the wcatlicred surface 8 to 12 


The lower beds resemble the hard Chalk-marl of Stoke ; but 
though the bed above had some resemblance to Totternhoe Stonti, 
there were no signs of the “ brassil ’’-like nodules which so invariably 
occur near its base. We think therefore that it is probably one of 
the hard(^r beds of the Chalk-marl like those- passed through in the 
boring at Stoke, 

At Crimxfiesham the Oialk-marl passes beneath tho J5oulder-clay, 
by which it is entircl}^ concealed for a space, and the next exposure 
seen was in a small quarry at Shouldham by the roadside south of 
the church. Here about six feet of tough yellowish-grey chalk in 
lumpy and irregular beds overlie two feet of soft grey shal}^ and 
silty marl, 'which is full of small green glauconite grains and con- 
tains many small groen-coated jfiiosphatic nodules ; Avivula <jry- 
phceoidiis is abundant in this glauconitic marl, and wc have no doubt 
that this bed is identical with that found at the bottom of the boring 
at Stoke. We could not reach its base on account of the water 
which stands in the quarry ; but the standing water testifies to the 
existence of impermeable clay below. Shouldham itself stands on 
the clay flat, which is, however, much narrower than at West 
Dereham. 

This Glauconitic Yfarl is very similar to some varieties of the 
material which forms the basement- layer of the Chalk-marl near 
Q. J. G. S. No. 171. 2 V 
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Dunstable and Tring, beyond the southern termination of the 
Cambridp^e Greensand. In that district the basement-bed has a 
very variable composition, especially as regards the glauconitic 
ingredient — sometimes it resembles w'hat is elsewhere? called Upper 
Greensand, sometimes it is a laminated calcareous and micaceous 
silt wdthout visible gniins of glauconite. Eveiy'where, however, it 
is characterized by the presence of Avicula ffryjJuroides^ and it 
occasional!}^ contains small phosphatic nodules. The principal 
difference between specimens from Norfolk and Bedfordshire is that 
micact'ous spangles are more obviously abundant in the latter, the 
Shouldham bed being lighter in colour, as if mon? i)urely calcareous. 

Before passing to tin? s(?ctions north of Shouldham, we may call 
attention to tin? hict that the soft whitish marl which overlies the 
bascTrient-bed in the Siok(? borijig ap])ears to be abs(‘nt at Shouldham, 
the hard butf- colon nal chalk which is setni at the latter place 
resembling that which is 1(> feet above the glauconitic marl at 
8toke. This observation suggests th(? possibility of some IG feet of 
the Chalk-marl having thinned out northwards, or having passed 
into a more piindy c,alcar(?ons and solid form ; and w(? think this 
idea furnishc's an t?xi)lanation of the gr(‘at changt's which take place 
further north. 

Tin? outcrop of llie Tottornhoe Stone must (‘merge* from beneath the 
Boulder-clay som(?\vli(‘re south of Pincham, ami skirting the ridge 
below Fincliam Mill, it doubtless runs along the slope whicli lies 
on the east side? of the road to Marham. We did not notice any 
traces of the stone in this district, Imt subse(]iu‘nt e.v])(‘ri(iMce in the 
(country to tlu^ iioith would lead us to think the Totternhoe Stone 
would occur at ^Marham some 50 feet h(*low the Melbourn Bock, 
which is expose'd tlu‘re, and consetpiently that its outcrop cannot be 
far from the church. 

At the foot of JMarhnm ITill a strong spring issues from an horizon 
which iTinst la? low down in the? Chalk-marJ, ami a deep watcrcourso 
has b(?en cut for tlie ('scaping w'ater along ilu? side of the road which 
loads to the Turf Foai. In this ditch, at a point somewhat less than 
a quarter of a mile u est of th(? church, we found a bed of Glauconitic 
Marl, the microseoi)lcal (examination of which jeroved it to be 
identical with that at Shonldham and in the boring at Stoke Ferry. 

No important exj)osure of the Chalk-marl or Totternhoe Stone 
was seen for some miles north of Marham, hut at Gayton, in a 
disused pit just west of the one in which lime is still burnt, the chalk 
at the base of the exposure is hard, greyish and gritty ; and as it 
proved under the microscope to contain green grains, it is probably 
close to, if not actually the top of, the Totternhoe Stone. 

The remarkable chang(' in the lithological character of the Chalk- 
marl which wo have shown to be gradually comiug on as we 
progress northward is still more marked in the exposure in a pit 
about half a mile N.N.F. of Roydon Church (for section see p, 550). 

The hard, grey-coloured, gritty chalk seen here has much of the 
character nnd appearance of Totternhoe Stone, for which it was 
taken by Mr. Whitaker. Beneath it is creamy-white material, very 
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hard, into which the dark-coloured gritty chalk above is let down by 
pipes or mottlings for a foot or more ; becoming more yellow towards 
the base, it passes into a grej^-coloured marly clay, which contains 
Jielemnites. 

But the identification of this clay with the Gault, and the know- 
ledge we have gained from the study of the beds at tliis horizon, both 
in this neighbourhood and further to the north, shows that th(^ true 
stratigrax>hioal |)osition of the hard, grey, gritty chalk, with the 5 ft. 
of lighter-coloured material beneath it, must bo at the base and not 
at the top of the Clialk marl. 

We have heni a section analogous to that seen iminediabdy above 
the lied Chalk in flu's cliffs at Hunstanton, viz. hard, creamy-Avhito 
limestone overlain by gn-y and gritty (dialk with a layer of green- 
coated nodules at its l>ase, the so-called sponge- and Zaecc/'u;>tas-beds. 

Though bctwec'U this hard chalk and f lic GauK the glauconitic 
bed of Stoke Terry and Shouldham apjiears to bo wanting, 3 *et the 
occurrence of Avicula f/rtfpjKVoitJeft at ilie base of tbe^ bard Chalk- 
marl, both licsre and in the Griinston brook, is a iiala^ontological 
link whicli confirms our reading of the strata in this area. Tlio 
lower x>iirt of the hard Chalk-marl seen in the banks of th(‘ brook at 
Grimston and at the Sow’s Hoad S]u ingbas been descrilx'd (sf*o auic). 

AV(^ recognizo the ('(piivahmt of fbe Totft'rnhoe Sf on(3 in an old 
]>it thre<* (quarters of a mile N.E. of Sandringham Church. Jt is 
liere a bed of hard, grey, gritty stoiu^, 2^ feet thick, with a laj^er 
of grc(‘n-coaf ed nodules at its base. Bt^low it abrui)tly fo 

hard creamy-whife matcuial, which wo. refer to tlio (Jhalk-marl. It 
is overlain by raf hei* bard, dull, Avhitish chalk, the difforeiice of colour 
in the clialk above and below the stone showing it in som(3 redief. 

A fine exposure of the lowest ])art of the Lower (Jhalk occurs in 
the parish x)it of Dersingham, and was descrilx'd by Dr. Barrois in 
1870. Hr, Barrois '^, however, never assigned to the Totternhoe 
Stone its true idact' in the series ; he at first sux>X>os(‘d this stone to 
be on the horizon wliieh we now call the Melbonrn Hock, and sub- 
scqnently he was led to regard it as belonging to the ver}^ lowest 
part of the Chalk-marl t- Consefpicntl}^ wlicn lie visited Norfolk 
in lS7o, he was quite uuj>repared to identify any representative of 
the Totternhoe Stone wliich might there exist. No geologist, 
however, excels Hr. Barrois in careful accuracy of observation, and 
accordingly we find him recording a layer of hard, rolled, yellowish 
or greenish nodules at a certain horizon both in the Dersingham 
and Hunstanton sections. This layer of greenish xihosphatic nodules 
is identical with the “ Brassil ” of Cambridgeshire, and lies at the 
base of the band of grey rock which we identify with the Totternhoe 
Stone. At Dersingham it may bo traced all round the pit, though 
the nodules are more abundant and the layer thus more evident in 
some places than in others. The band of compact grey chalk noticed 
by Hr. Barrois as occurring above this is the Totternhoe Stone. 

* O. Barrois, “ Becherches sur le Terrain Cretac6 Superieur de I’Angleterre 
et de rirlande,” p. IhO (Mem. Soc. G6ol. du Nord). 

t See Ann. Soc. Q6ol. du Nord, tom. iii. p. 145. 
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Knowing that the base of the Chalk-marl could not be far beneath 
the floor, a boring was made to ascertain whether it rested on 
Gault or lied Chalk. Ilclow is the complete section of this exposure 
combined with the results of the boring (fig. 4) : — 


Fig. 4. — Diayram o f the section shown and obtained hy boring in 
the Ikrsingham Parish Chalk-pit. (Scale ^ inch to 1 foot.) 

feet. 

It -f t. Soil and chalk-rubble 1 


<rr«’y Chalk. 



Gault 


Carston . . . y ' 


Tliin-bcdded, or plafcy, rather hard, 
whitish chalk 1(> 


Hard, tough, grey-coloured chalk in 
massive beds, a layer of grcen-coated 
nodules at its base * 


Hard creamy-wliite chalk passing down 
into greyer and parted by joinling into 
massive beds 8 


Poring. 

Hard chalk, becoming grey and more 
grilly downwards, at its base the auger 
evidently passed tlirough yellowish- 
grecn-coated nodules ( T noccramus- 
bed) 8 

White, exceedingly hard, compact lime- 
stone (8poiige-bcd of Hunstanton) ... 14 

»Softish, greyish-white mar] (dries white) 2 
passing abruptly to 

Pale yellow'ish-buff material, hard and 
compact at first, becoming softer and 
browner, and passing gradually to ... 2^-3 

IModerately hard, clayey marl, mostly r^^d 
in colour, but streaked or blotched 
with tawny brown, a sandy vein near 
the bottom 2-24 

Carstone proved to I-I 4 


The section given by Dr. Barrois of this pit is very similar to our 
own, as follows : — 


Represented too thick in tlie cut. 
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feet. 

Compact whitish or greyish marly chalk with many fossils ... 12 

Hard chalk with layer of nodules at base 3 

Hard white chalk 1^ 

Hard greyish-white chalk, rather sandy 9 

If the above section is compared with that of the Hunstanton 
cliff on page 5 (>2, the analog}- between them is seen to be very 
striking. Jn both cases we have the same descending order of 
succession, viz. grey chalk, hard grey Totternhoe Stone with a layer 
of green-coated nodules at its base, overlying hard creamy-white 
Chalk-marl, whieli passes down into the greyer and more gritty 
Inoceramus-h(?^ ; beneath this the whiter and more compact sponge- 
bed rests in the one case on the Gault, and iii the other on the lied 
Chalk. 

The section shown in the pit about half a mile S.K. of the church 
at Snettisham is almost identical with the last, as follows : — 


Soil and riibblc 

’ Hat her hard chalk, dull white wcatlna’ing in ])liity 


Grey / Hat her hard chalk, dull white wcatlna'ing iii ])laty 

Chalk. I layers H 

Totlcrnhoc Hard, greyish, massively bedded chalk, with an ill- 
Stou(?. delined layer of green-(H)ated nodules at its base 2.1 

Chalk Hard, creamy-white chalk pas.sing down int o greyer 
' at\d more gritty material, the whole divided by 
* jointing into massive beds 15 

'We again recognize as the Totternhoe St one the rn a. ssively bedded 
layer wdiicli is ii prominent feature in tbe^ face of the ])it. 

At the large (piarries at Jicaebani the Totternhoe Stone is again 
exposed as a bed of bard, grey, flaggy chalk with green-coated nodules 
at its base. If anytliing, the underlying (flialk-rmirl is of a purer 
white, showing np the darker grey stone in relief. Hardly so much 
of the marl below it, is shown a sin the jvrt^ceding exposures : but its 
thickness cannot be great, for the outcrop of the lied Chalk is seen at 
the entrance of the* pit. The pit is w orked in two sections, an ui>per 
and lower ; the wliole, wliich show s a continuous seed, ion of the Lower 
Chalk, is given on i)age 570. The section of the low'cr part is : — 

feet. 

Soil 1 

Grey chalk about 30 


Totternhoe 

Stone. 


Hather dark-grey, hard, gritty, chalk willi green- 
coated nodules at its base 2 


Ohalk-marl. Hard creamy-white Chalk-marl seen for 12 


The final exposure of the whole of the Chalk-marl, with the 
Totternhoe Stone and basal part of the Grey Chalk, can bo seen in the 
cliffs at Hunstanton. The section (fig. 5) was taken a little to the 
north of the lighthouse. 

The Tottcrnlioe Stone is seen coming in with the gradual inclination 
of the beds a little to the south of the lighthouse. It forms a 
marked feature in the cliff face, its dark grey colour contrasting with 
the material above and below it. Except at one point it cannot be 
reached. Here the green-coated nodules can be seen at its base ; 
they can also be detected in fallen blocks, which may be known by 



Fis. 5. — Sei-f lon of Cliff near the Lighthouse at Hunstantm, 
(Scale ^ inch to 1 foot.) 



The Chalk-marl presents no different characters from those already 
described ; it may be seen passing into the greyer and coarsely gritty 
Jtwceramus-'hQdi, which contains green-coated nodules, sparingly 
distributed at first, but forming a Brassil-like layer at its base. 

As already mentioned. Dr. Barrois noted the occurrence of the 
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band of nodules beneath the Totternhoe Stone, but he failed to 
recognize the true horizon of the latter, correlating that stone and 
the overlying beds with his zone of Belemnites plentis. The list of 
fossils which he gives as obtained from these beds shows an assem- 
blage which might have been obtained from the Totternhoe Stone of 
Burwell or Cherry Hinton. 

In 1880 one of us suggested that the /noc^ramiw-beds might bo 
the representative of the Totternhoe Stone, thinking that the whole 
of the Chalk-marl must have thinned out between Cambridge and 
Hunstanton, and not imagining that it could have passed into such 
hard chalk as that which forms the lower part of the Hunstanton 
section. The recognition of the Totternhoe Stone above the hard 
Chalk-marl of Stoke Perry and the discovery of similar stone in a 
similar i)osition at many intervening localities have, however, con- 
vinced iis that the jT/iocemmws-beds lie below the real representative 
of the Totterjihoe Stone. 

The white nodular limestone (so-called Sponge-bed) which directly 
overlies the Ked Chalk is about a foot and a half thick, and sepa- 
rates readily from the beds above and below ; the inequalities 
between its under surface and the lied liock are filled with a deep- 
red, nodular, ferruginous material, which Dr. Johnstone informs us 
consists largely of peroxide of iron. We think there can bo little 
doubt that this white limestone is the same bed as that overlying 
the marly Upper Gault at Grimstou, Hoydon, and Dersingham, 
its character and thickness at the last-mentioned locality being just 
the same as at Hunstanton. The great importance of this identi- 
fication has already been indicated (p. 552), and will be more fully 
discussed in the sequel. 

The lied Hock V)elow is certainly divisible into two portions or 
layers, if not into three, as under *. — 

3. Hard lumpy reddish chalk, or mottled red and white. 

2. Hough, nodidar, red limestone passing down into 
1. Deep red gritty rock, softer at the base. 

The commonest fossils in 1 and 2 are litltainiies 'uninhmis and 
Terehratula hijjlicfita, in 3 Exogt/ra liauli aiatm and broken shtdls of 
Inocerami. For further details respecting this w(dl-known rock we 
may^ refer our readers to Mr. Wiltshire’s pax)er (Quart. Journ. Geol. 
Soc. vol. XXV. x>* 1^5). 


C. Zones of Holaster subglohosus, Belemnitclla plena, 
and Hhynchonella Cuvieri. 


In Cambridgeshire the chalk which overlies the Totternhoe Stone 
presents the following succession in descending order : — 


Base of 
Middle 
Cbalk. 


Bower 

-Chalk. 


feet. 

'Rough, nodular, shelly chalk 40 

x Sandy, yellowish, nodular rock in thick beds (Mel- 

boum Rock) about 8 

^Shaly marls enclosing band of bard wliito ehalk 

(zone of Bel. plena) 4 

•{ Firm white chalk i)assing down into whitish chalk, 

which changes rapidly into next 60 

Grey chalk, blocky and fine-grained 30 
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Part of the above succession can be seen in the quarries at 
Swaffham Bulbeck, west of Newmarket, but there are no good 
exjiosureB north of Newmarket. "When the Bury and Soham rail- 
way was being made, in Mr. Whitaker recognized the 

Mclbourn Hook and its ujiderlying bauds of slialy marl (zone of Bel. 
'plena) in one of the cuttings soutii-west of Bnailwell ; and it is pro- 
bable that the springs which rise below the church at Snailwell issue 
from ihe Melbourn Bock. 

The outcrop of tlui Melbourn Bock is an important line to trace, 
because it fixes the uppermost limit of the Lower Ch.ilk and the 
base of the Middle Ohalk. It probably runs through Chippenham 
Park, and <hc*n ])asses b(uu‘ath the great spread of valh'y-gravel 
which lies between Chippenham and Ivennet ; north of Kennet the 
country is covt'red by blown sand, but near Worlington-Heath farm 
there is a pit exposing the lower beds of 1h(‘ zone of yiV/v/ya-7«. Cuvitri 
and what s(‘ems to be the topmosl. bed of the rock itself. The section 
was as follows : — 

feot. 


Gravelly soil and rubble 4 

Hard, nodular, wliitiKh rock in thin In^ds, full of 

Jiboceranma nit/i ilohlc^ and lifn/nch. Ouvivn 4 

Thin seam of greenish-grey marl. 

Hard nodular ro<*liy chalk, white with greenish 

mat ter betwetm the lumps (no Itissils) 0 

Talus liiding cliulk below 4 


The ht'ds ap]a ar to have a. slight, dip diu^ east . 

The grav('l which forms such an (‘xtensive tract betwei'n Frt'sk- 
enham and Worlington sc'cms to be haidvc'd against ihe ridge formed 
by the outeroj) of the Midhourn Boek, atul tliis will account for th(‘ 
sudden emergene(‘of tlu; Chalk from Ixuu'atli the gravel jdain. The 
roek is again seen in tlie cut ling on the iiow' railway to MildeiihalL 
just; south of Worlijigton House, audit a]>]>carH to have been formerly 
quarried by tlu' sidi* of the main road N.E. of that house. 

On the north side of the river we could not lind any trace of it, 
the large quarries at \Vi*st lh>w being opened in the grey chalk, 
which here contains a remaikable hand of reddish chalk ; the details 
of this section have been given elsewhere and need not he repeated 
here. 

Mildenhall itself stands on the hard, shell}', yellowish chalk of the 
zone o'i llltt/nehotn lla Cneieiu. chalk of this description and containing 
that fossil together with Jnoceramns rnbjfiluules and Bcliinocomis 
suhrotundvs being expost'd in a small pit at the east end of the 
town. 

The chalk by the roadside, a mile and a quarter north-west of 
Mildenhall, appears to be the white hlocky chalk which forms the 
upper portion of the zone of Holaster snlnflohoaus^ and the outcrop 
of the Melbourn Bock must therefore sweep round the western and 
northern sides of the toAvn to the south end of the long inlet of fen- 
land which runs bj' Eriswell. All the exposures which we could 

^ Brit. Asboc. Hep. 1886, and Geol. Mag. dec. iii. vol. iy. p. 24. 
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find along the eastern side of this fen are above the horizon of the 
rock ; thus an old x)it by the side of the main road, five fuiioiigs 
S.E. of Eriswell Church, shows chalk with many fragments of Ino- 
ceranius 'iiiijtUoidcs ; this we regard as high up in the zone and 
consequently at some 30 feet above the biise of the rock : the pit 
itself may be about 26 feet above the level of the fen, so that the 
outcroj> of the rock is probably just at the edge of the fen near 
Eriswell, a position which it appears to hold for some distance 
northward, as far as Lakenheath. 

The lowest exposure wo could find iiear Eriswell was in a small 
pit about a mile north of that place, Avlierc' we found hard chalk 
containing JRhtfnchonuJla Ctivicri and J noceratn us inytiloidcs ; this 
cannot be far above the Rock. Beyond this the countrj' is deeply 
covered with blown sand. 

At Lakenheath, north-east of the church, there is an extensive 
quarry exposing about 30 feet of hard Jiim])y or nodular chalk 
which clearly btdongs to t he zone of llhijnchoaeda Cuvleri. It bears 
a striking resemblance to the chalk of the same zone <^x])osed in the 
quarry and rail-cutting north of (Joring in tlui vallcw of t he Thames ; 
the weathered faces ])resent a rubbly apj)earanc(‘ with largc‘ luin]>s 
of harder rock standing out hcrt‘ and thens but not forming any 
continuous bed ; Echluocouns sahrotmidus was faii’ty common, but 
other fossils were not abundant excc'pt at- the lowest level lU'ar tlui 
entrance, wliere harder and more regularly bedded nodidar yellowish 
chalk is exp()S(Hl, full of J noceramus mjftUoides^ and like that which 
always overlies the jMelbourn Bock. The workmen informc^d us 
that a few feet below the lloor of this (‘xeavation they were stop])ed 
by water, so that hero the rock a])])ears to Ix^ bedow the level of the 
adjacent feidand, whicli is only about 300 yards from tlui mitranco 
to the quarrj . 

More than two miles N.N.E. of Lakenheath and a little W'ay 
south east of the railway-station there is a small pit close to the 
edge of the fen, which we did not visit, but in which Mr. Whitaker 
subseqiKintly found Inoccra ihms rnytiloidcs and JHchinorouus suh- 
rotaudus, so that it is doubtless in the same beds as the large quarry 
at Lakenheath. 

Crossing the alluvium of the Brandon river we find ourselves on 
Lower (dialk, as already mentioned ; and though the ridge above 
Hock wold is doubtless partly due to the outcrop* of the Mel bourn 
Bock, we could not discover any actual evidence of its existence, 
the only quarry near Hockwold (three furlongs north of the church) 
being in Grc}’ Chalk. 

On the Feltwell side this ridge sinks down into an undulating 
plateau, the natural features of which are masked by a drift of blown 
sand, and no pits have been opened along the course of the zone we 
have been following ; but at Ecltwell St. Mary, in a diy’^ pond by 
the roadside, a quarter of a mile N.E. of the church, we found a 
small exposure of pink chalk weathering yellow and exactly like 
that of West Bow ; below it was a course of very hard nodular rock 
overlying soft whitish chalk, so that the agreement between the 
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two exposures is remarkable, although they are ten -miles apart. 
We may fairly assume that this red band and its associated strata 
are continuous across the intervening space ; and though we saw no 
traces of it further to the north, it is very likely to extend as far as 
Methwold, and might be discovered by a careful search over the 
fields west of that village. 

At Methwold itself (south-east of the church) there is a large 
quarry nearly 40 feet deep and exposing the hard rocky chalk of the 
Ithynchonella-Cuvieri zone, overlain on the western side by about 12 
feet of stratified sand and graved. At the north end there is less 


gravel, and the section is as follows : — 

feet. 

Soil, fifravel and disturbed chalk 4 

Hard luinjiy clialk with two thin bands of greyish 

marl at the Ikuso 8 

Hurd, yellowisli, nodular chalk with Uhyiich. Ciiuicri 
and other fossils 25 


37 

At the base a hole cleared of talus showed very hard, nodular, 
yellowish rock with fragments of Inoceramus mytiloides^ which greatly 
I'osombled the upper part of the Melbourn Itock of Cambridge and 
Hertfordshire. 

From this exx^osure it is evident that the outcrop of the Melbourn 
Hock runs not far to the westward of M(dhwold, and must sweep 
round into the valley which lies to the north of the village. Thence 
it runs north-westward towards AVhittington, forming a well-marked 
ridge which crosses the main road about a mile south-east of Whit- 
tington ; a little beyond this imint and by Ihe roadside is a quarry 
in hard, yellowish, nodular chalk like that seen at Methwold, and 
containing most of the same fossils. 

To the north of AVhittington is another quarry, which exposes the 
base of the JMelboui’n Koek and its junctioji with the underlying 
beds; the section is therefore of much imj)orta nee, inasmuch as it 
is the first quarry in Norfolk exx)Osing this horizon, and its distance 
from the last exiiosiire of the zone of BeJ. 2 tlcna is not less than 20 
miles. The beds exx)Osed here are: — 

feet. 


Gravelly soil and nibble 3 to 4 

Hard, whitish, rough and rocky chalk, weathering 

into nodular lumps (Melbourn Kook) 7 

Band of buff-colonred marl enclosing loose lumi38 or 

nodules of bard chalk 

Very hard, white, lumpy chalk, breaking with vertical 
joints (about 3 feet), down into hard 

blocky white chalk 15 


about 27 

The lowest beds have a greyish tinge, probably from moisture, but 
would doubtless dry white ; these white blocky beds are comparable 
to the upx)er part of the Lower Chalk seen at Swaflfham Prior and 
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Cherry Hinton in Cambridgeshire, hnt they pass np into a rock 
which is much harder and lumpier than any part of the Liower Chalk 
in Cambridgeshire. The overlying band ol marl is doubtless the 
attenuated representative of the zone of Belcmnitella plena ^ though 
its aspect is considerably different from that of its typical develop- 
ment. There is no clear separation into two layers, its upper surface 
is not so clearly defined as in Cambridgeshire, and its total thickness 
is very much less ; the only fossils we could find in it were Terehratula 
semvjlohosa and Tthifnchonella plicatilis^ the latter b-i^ing abundant 
and the same variety of that spcicit.'s which is characteristic of the 
zone in Cambridgeshire and cdsewhere. 

The vallej^ bctwecji Whittington and 8toko Ferry possibly coin- 
cides with a line of fault, for the ridge on the Stoke side, which 
should be a continuation of the Whitiinglon outcrop, consists of 
Chalk-marl and Totternhoo Stoiun The outcrop of the IMelbourn 
Kock appears to be thrown hack to tho eastward, and emerges from 
under the alluvium lU'ar Oxborough, hut lit tle is seen of it for some 
distance. In an old pit l)y the roadside, near the! windmill north 
of Oxborough Fen, we found lumps of hard j ellowish chalk con- 
taining Khynclioiielht Ciivicri and Ihoceramus rnt/f if aides, evidently 
belonging to chalk not far above the IMelbourn lioek. 

Thence there is a feature miming northward along the border of 
Barton Fen, and then westward to a pit about half a mile south of 
Barton Beiidish ; here the base of the 3klelbourii llock is again seen, 
together -with some 30 feet of the uud(‘rlying chalk. At the north- 
east corner the section is : — 


foot. 


Thin soil, with hard nodular chalk below weathered into rough 

lumps 4 

Yellowish, gritty, roug]>, and nodular chalk, passing down into 

whiter nodular chalk, which becoujcs solt and marly below li 

Very bard, rou'glj, wljito chalk (about H feet), passing detwn into 
greyisb-white elialk, which breaks into blocks with a Binootlicr 

fracture 12 

Talus below. 


The west end of tho quarry is entirely in tho greyish chalk, 
which contains a hard rocky h.and ; it is thiuk-hedded, and has a 
slight dip eastward. The marl band contained lihy nchonella plica^ 
tills, as at Whittington. 

At Marham lime-kiln, two miles further north, there is a similar 
section, showing about 5 feet of the Melbouru liock overlying the 
yellow marly hand ; the rough wbit^ chalk below is so hard that it 
stands out prominently in the weathered face and overhangs the 
blocky greyish chalk into which its lower part passes. The yellow 
band at the base of the rock consists, in the uiqier part, of loose, 
yellow, rock}'^ chalk, and in the lower of yellowish marly chalk 
and grey marl. At the north end of the quany^ there is a marked 
hand of hard nodular rock at the base of the hard white chalk ; but 
this seems to disai^pear southwards. 
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A little north of this quarry are two cottages ; and we are 
informed hy the Hcv. H. J. Sharpe, Vicar of Marham, that a well 
was sunk here some years ago to a depth of 85 feet, clay being 
touched at that depth and bored into for about 30 feet. The water- 
supply runs short in dry seasons, and is probably therefore derived 
from the Chalk, the bore not having been carried far enough to 
reach the Lowcir Greensand. As the cottages are very little below 
the level of the Melliourn Itock, we may estimate the thickness of the 
Grey Chalk, Tottcrnhoe Storjo, and Chalk-marl together here as 
about 00 fo<^t , which is j)robably from 30 to 40 feet less than their 
combined tliickiie‘ss at. Stoke Perry. 

Anotlier largt; quarry at- Marham, south-east of the church, shows 
an exact counterpart of the section ai the first quarry, and calls for 
no especial n^mark. 

Prom Marham tlu^ Mtdhourn Hock can ho followed along the 
ridge on whioli its outcro]) occurs, the rock itself being shown in 
one small exposure about two miles to th(‘ north of the preceding. 
Beyond this, though we are able to follow it by the clniracter of 
the chalk and ifs contained fossils, tlu^ features usually formed by 
its outcrop may he said to be lost. The thinning-out and gradual 
hardening of the Lower Chalk in AVest Norfolk, as W(‘ll as the 
severe glaciation tu whicli this counlymiist hav(^ hecni exposed, may 
account for this. The outcro]> of the Gn^y Chalk is much hidden 
honeath Boulder-clay or spreads of gravel, but sevcTal good sections 
occur. 

About, a mih' s(»nth-oast of Narborongh Si at ion, hard rnbhly chalk 
is seen in an c'xcuvalion, mad(‘ probably to ol)taiu material for tho 
railway. The exposure^ is much overgrown ; but the character of 
tht^ chalk indicalt‘d a close apinoaeh to the Bock. 

In a pit lialf a mil(‘ soulli-cast of TS'arborongh church, hard 
whitish chalk, similar to fhat lying immediately below the Hock, 
was exposed. 

Beyond the valley of tin' Nar are several i)its in the chalk, hut 
all above th(‘ Alelhoiirii Bock ; a little below them a slight ridge 
may possibly indicate its outcrop. AVo are able to identify it again 
in ail old pit close by the church at Gaytonthorpe, hard, yellowish, 
nodular chalk, with a rough fracture, being exposed. A large 
Ammonite, closely resembling in form and state of preservation 
specimens from the Mclbourn Bock of Hertfordshire and Cam- 
bridgeshire, Avas found here. 

A good exposuri' of the. lower part of the Grey Chalk occurs at 
Gayt/On. As is frequently tho case in Norfolk, this pit is worked in 
two parts, an upper and lower, Avhich, though separated hy a consider- 
able interval, yet form a continuous section. The chalk seen here is 
not of tho same character throughout ; it is rather darker grey at the 
base, and overlying this is a. harder, more massively bedded layer, 
not xinlike that lying beneath the Bed Chalk at West Bow, Above 
this the chalk is whiter, thinly bedded, weathering in thin platy or 
flaggy pieces. 
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The section is : — 

Upper Pit, feet. 

Soil and rubble 1 

Thin-bedded, ratlier tough chalk, dull white 20 

Lower Pit. 

Rubble 1 

Firm-bedded wliite chalk 12 

Hard clialk, rather rough, parting along greeuiah 

marly lines, massively bedded 2.^ 

Massively bedded, greyish, marly chalk 12 

Beyond Gayton a slight ridge, more or less marked hj'^ spreads of 
gravel and nowhere a pronounc(^d feature, continues ; and near its 
summit, at Grimston, about half a mile south-east of the church, an 
old pit showed very hard and rough j'cllowish chalk at the toj), with 
rather hard, but smooth, white chalk beneath it. Microscopical 
examination proves the hard yellow chalk to be the ^lelbourn Ilock. 

All excellent exi)osure of th(^ upper part of the Grey Chalk occurs 
at Hillingtoii, in a large pit in which the chalk is (piarried for lime- 
burning. As usual, the pit is in two sections, which are as follows : — 


Zipper Pit. feet. 

Soil and rubblo-rhalk 1 

Thin-hMldcd, ]>laty chalk, hard, siud mucli stained 
with yellowish ; a thin band of buir-coloured marl 
near the top 19 

Lower Pit. 

Wliitish, thin-bodded chalk 4k 

Thin, bill ])orHistently yollowisli-bufr marly band. 

Hard, maHsivclv bedded, whitish chalk 4 

Bedded chalk, dull white, with greyer-coloured beds 
or bands 10 


The chalk in the lower part of this ])it divides into rather massive 
blocks along joints or veins of greenish-gr<\y mat-erial, not unlike 
that seen in the ])artings of the Mi-lbonrn Jiock. Overlying this, 
and a marked feature in the pit-face from its massivii appearance 
and thick bedding, is a layer of whitish chalk, which ])reaks with a 
clean fracture, and is in appearance and structure? like the firm 
white chalk which we have noted as underlying the Molhourn Kock 
at varying distances in Hert fordshire, Oain))ridgeshire, &c. The top 
of this exposure cannot he far below the Melbourn Ilock. The 
higher thin hand of buff-coloured marl may he the att-(?nuated repre- 
sentative of till? Beleninito-inarls of Hertford and Cambridge, 

111 the railway-cutting just north of Hillington Station, hard, 
yellowish chalk, with rough fracture and full of fragments of Tnoce- 
7’amM.s-shclls, was seen. This is probably just above the Bock ; 
proceeding up the cutting, the chalk gradually became whiter, less 
shelly, and not so hard. 

It may be noted here that, for a considerable thickness, the base 
of the Middle Chalk of Norfolk is extremely hard, a peculiarity 
which probably extends through the zone of Mhynclionella Cuvieri^ 
as at Dover. 

The outcrop of the Melbourn Bock probably follows the contour 
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of the wide transverse valley lying between Hillingdon and West 
Newton^ at which place there are two good sections in the Grey 
Chalk, though they show nothing worthy of note. ^ 

A few feet of the base of the Grey Chalk may be seen overlying 
the Totternhoe Stone at Sandringham and Dersingham. A large 
pit in the central part of it occurs at liigoldsthorpe, and its base is 
again seen in tlio jat at Snettisham. 

Hard, yellowish, nodular chalk, but little above the Bock, is seen 
less than a quarter of a mile north of the church of Sherbome, in 
a small eA'posurc by the roadside and just by an old quarry, the 
sides of which are now overgrown and its floor cultivated. Dr. 
Darrois says that in this quarry he could recognize the hard nodular 
bed (i. e. the Melbourn llock) which throughout England occurs at 
the base of his zone of Jnoerramns lahiatus. His list of fossils gives 
those most common at tliis horizon. 

The Melbourn Hock is well exposed in the upper part of the 
large quarry at IToacham. It is seen luu’e as a very hard, yellowish, 
nodular rock, with rough fracture, massively bedded, and about 
six fecit thick. Jthynchonella Cavien, Echinoconus subrotimdus, and 
E. castanea, with Inociraaiiis mj/tdoides, occur. 

It is much weathered, and splits along greenisli marly veins in 
thin platy ])ioces, with a very rough, nodular, and uneven surface. 
The base is clearly marked, hut it rests dir(‘clly on hard white chalk 
without the intervention of a. marl-hnnd ; there is, however, a thin 
layer of bufr-eolourc'd marl in the white chalk, about one; foot below 
the base of tlie Medhuurn Hock, and a second is seen near the top 
of the lower pit. These hands are similar to those at Hillingdon, 
where they ])rohahly ocen])y the same ])osition with regard to the 
Hock as they an? seen to do in this case. 

Tlio Lower Clialk w’eathers into thin platy pieces, with a more 
even surface and fracture, which contaasts with the rough nodular 
surface of the [Melbourn Hock. 

The entire sect ion of both up^ier and loAvcr pit is as follows : — 

Upper Pit, feet. 

Rough, lliiii-botlcled chalk and soil 3 

Hard, yellowish, nodular rock, massively bedded 6 

Thin-bedded, hard, rather rough, whitish chalk in two 
courses, separated by a thin, buir-coloured, marly band . 2 

Thin-beddod, hard, w'hitish chalk ; base obscured by talus 3-4 

Loii'cr Pit. 

Thin-bedded, platy chalk, becoming more massively bedded 
in its lower part, but not equally so ; a marly b^d near 

the top 30 

Bather dark-groy gritty chalk, with green-coated nodules 

at its base 2 

Cbalk-inarL Hard creamy- white chalk-marl seen for 12 

It will be seen, therefore, from the section given above of both 
the upper and lower parts of Heacham quarries, that, with the 
exception of two or three feet of Chalk-marl, the whole of the 


Melbourn 1 
Rock. J 


Grey 

Chalk. 


Tottornhoo I 
Stone. 1 
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Lower Chalk of T^'orth-west Norfolk is here exposed, and, like all 
the lower divisions of the Upper Cretaceous Series, it has thinned 
out, in a most remarkable maimer, from about 150-160 feet at 
Cambridge to less than 60 feet at this point. 

In the coombe a little to the north-east of the farm at Barret King- 
stead there is a good exposure of the Melbourn Kock. It presents 
the same massWe appearance as at Heacham. The section is 


Soil and hard rubbly brohen chalk q, 

Hard, rough, creamy-white chalk ^ 

■Mclhonm i^ery hard, rough, yellowish, nodular rock in two massive 

Kock. [ beds 7 

p f Thiu-bedded chalk, dull white in colour, weathering into 

Cha^ 1 pieces 12 

tMoro thickly bedded grey chalk 4 


It only remains lo note Uiat 0 or 10 feel, of (xrty Chalk aro 
shown above the Totternhoe Stone in the llnnstaiitou-clilf section 
(see p. 562). 


§2. PALA<:oxT()Lo(;r. 

Taple I. — Ihssils of th<’ Gault. 

The follovving is a tabulated list of the fossils wo haw^ collected 
from the Gault of West Norfolk, the last colinnii showing how many 
of them have also been found in the Kcd Koek of Hunstanton : — 


a 







Pentacrinus Fittoni, Jlics/ 

Terebratula biplicrata, Sh//. (var. Du- 

templeaiia) 

Kingena lima, J)e/r 

Ostrea vesicuJaris, La?7i 

curvirostris, 

pp. (or Exogyra) 

riicalula pectinoides, Sh/ 

Inoccranius sulcatus, Park 

concentricus, Park 

(var.) 

Crippsii ?, Mant 

Nucula pectinata, Shy 

Aporrhais, sp 

Ammonites interrupt us, Brxig 

lautus, Shy 

rostratus, Shy 

varicosus ?, Mich 

Nautilus, sp 

Belemnites minimus, List 

attenuatuB 

Fish-tooth 


* I ♦ 


* 


* 


* 

* 


* 


* 


* 

9*: 


* 

* 

* 


-N- 

* 

* 
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It will be seen from this list that we succeeded in finding? indubit- 
able Gault fossils at the Muzzle pit, where Messrs. Heid and Sharman 
could not discover anything to convince themselves that the clay 
was not Chalk-marl. As already stated (p. 540), the specimens of 
Ammonites interrwptus were mostly in the state of clay casts, a few 
only having their inner whorls preserved in phosphate, so that no 
doubt can exist about their being contcmi)oraneous fossils ; and this 
fact is of itself sufficient to decide the ])oint at issue, even without 
the other characteristic Gault fossils which accompany them, viz. 
JVnctfJa -pectiiiata, Inoceranius snlcafus, and TerehratiUa Datenipleand, 
Of the other Tnocerami , some seem certainly to be 7. concenfrieiis^ 
and others resemble the larger and more compressed species which 
occurs frequently in the Lower Gault elsewhere, and ma}" be iden- 
tified with that known as 7. Grippsil when found in the lied Chalk 
of Hunstanton. 

With respect to the Hereham fossils our list is not so large as 
that given by Messrs. Heid and Sharman ; but we protest against 
the elimination of the ])]iOsphatic specimejjs. Similar j)hosphatized 
fossils occur every wlien? in the lower port of the (hiult, often 20 feet 
above its base, as in liedfordsliirc and Jluckinghamshire. The state of 
the Ammonit(^H with ])hosphatic centres at Muzzle shows why the 
phoHphatiq siKiciniens ar(‘ so often fragm(‘ntary ; for if the? beds in 
which such casts lay irnbt?dded wtu'e aft<n’wards siibp^cted to the wash- 
ing of a current, all the fine mud which composed the cast might be 
washed away and red(‘posited, leaving only tlie x>hospbatic portions 
in situ. It s(?ems i)robable thenTore, that we may r(?gard all such 
contemporaneous siodvde-beds, which art? fre(]in‘nt in the Gaidt, as the 
siftings of a certain thickness of (day Avliicb contained semiphos- 
phatized and st'iiiiconsolidated ('Msts of fossils. The' roundecl and 
broken appi?arance of the? ])bos})batic fragnumts does not, then, 
neeess.'irily show that tlu'v have? be(?n miudi rolled or watei'worii, for 
they would present siudi ;in apjavn ance as soon as they were detached 
from that ])ortion of the east which had not been filled with 2 )hos- 
phatic mati t'r. 

Small oysters, r(?sembling Ostnu acftfirosfris^ Nilss., and O, cur- 
virostris, Nilss., certainly oc<nir : but most of those found by tis 
couu? near to O. curvirostris, as figuiaal by d'Orbigny, than to 
tin? broad(;r shai)e of O. (fcutirofitrls ; they differ, however, from 
the iiifiex(?d form of O. cKri'irosfris w'liicli oceiirs in the Tottewnhoe 
Stone. 

The fauna of the limestone beds seen in the Iloydon cutting and 
in the Grimston brook lamiains to he considered; and, fortunately, 
the S 2 )ecies and the state of their ju'eservation are such that no 
doubt can 2 >ossil>ly exist about tin* age of these hods. Lithologically, 
these limestone bands nn* ('xceediiigly like the hard beds which occur 
in the Chalk-marl of Buckinghamshire and Oxfordshire ; and had we 
not found the fossils above indicated, we might have felt very great 
hesitation about referring them to the Gault. Their lithological 
characters, howtwer, can easily be explained, for a deep-sea formation 
of Gault ago is not likely to resemble the Folkestone clay ; whereas. 
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on the supposition that these beds are Chalk-marl, the occurrence 
of Inoceramas sidcatus, I. concentricus. Ammonites lautus^ and Am, 
rostratus would be such an anomaly that, if anyone chooses to accoi^t 
it, he must he prepared to renounce the stratigraphical axiom that 
“ strata can be identified by their fossils/' 

We would ax)ply the same reasoning to the E,ed Chalk of Hun- 
stanton, w'here the same Ammonites, together with two others ecjually 
characteristic of the Gault, are found, and are associated with Jno- 
ceramits sxdcattis and 1. Orij>j>sii, We do not think that any for- 
mation containing thest^ fossils in an underived state can be other 
than of Gault age, whatever the lithological character of tht5 rock 
maybe; and we feed sure that our friend Mr. Whitaker allowed 
lithological evidence to have too much weight and paheoritological 
evidence far too little, wdien he niapj>ed the Norfolk Gault as Chalk- 
marl and rtdused to see anything but chalk in the lied liock of 
Hunstanton. 

Mr. Whitaker has discussed the evidence of the fossils in his 
Address to the Geologieud Socidy of Norwich^' ; and he asks, ‘■‘if 
the rock reprosead (Jault and Gault only, how are W(j to account for 
the occuiTcuct' of the fossils belonging to high(*r beds, and some of 
which have nowhere been found in undoubted Gault?'’ This is a 
very fair question ; but ht^ seems to think that it is much more 
difiicult to account for tin* a pju'a ranees of species in any formation 
which have hitluirto only been found in m^wt^r and higher lads, 
than it is to exjdain tlu^ occurrence of sjiecies which liave only been 
found in old(‘r beds ; we really cannot si^e why oru^ case should 
be necessarily more difiicult of exidanation than the other : every- 
thing must depend upon the circumstances of the particular 
case. 

In comparing the succession of faunas at jdaces so far aj)art as 
Folkestone and Hunstanton, consid(‘rable alhnvance should be made 
for the ])ossibiiity that some species may have come in at oncj 
locality befort* tbey reached the otluu' ; for it is (juite (;erlaiii thfit 
the (nriditions of life wt*re very difi'erent' at the two places — tlu^ sea- 
bottom in the one j>lace was mud, and the water above was not very 
deej), wdiile in the other jdace the bottom was a calcareo-ferruginous 
sediment, and the water was ]>robably mueli dcaqa^r. This being so, it 
seems to us that the occurrence of a certain number of decj)-sea (or 
Chalk si)ccies) is only what might be expected in the Hunstiinton 
deposit. Two of these sj)e(a’es, namely Ostrea curvirostris and 7V/y- 
hratnlina (/nirills, have, alrt;ady been found in the marly Gault of 
West Norfolk: and we are consecjuentlj* led to expect that the other 
precursors of the Chalk-marl fauna of Southern England will be 
discovered in this deposit. 

AVe would urge, therefore, in oppovsition to Mr. Gunn and Mr. 
Whitaker, that it is by no means the fossils “ of the latest type that 
must be used in identifying the period” of the bed; but, on the 
contrary, that it is those of the earliest type that must bo taken as 

* Proc. Norwich GeoL Soc. voL. i. p. 230. 

aJ.G.S. No. 171. 2 q 



The following statements were made by one of us when supplying 
Mr. Whitaker with a list of the fossils in the Bed Bock of Hun- 
stanton, and arc quoted by bim in the paper referred to ; — “ Palseon- 
tologically the Hunstanton Limestone has stronger affinities with 
the Gault than with any other formation/^ . . . “ its affinities with 
the Chalk-marl are less strong-: it must be remarked that none of 
the specially characteristic Chalk-marl species are found.” Our 
recent researches have only strengthened the data on which these 
two statements were founded. 

On reference to the list (Table I.), it will be seen that nearly all 
the fossils we have found in the Gault of jSTorfolk occur also in the 
lied Ilock. Further, if we confine our attention to the Cephalopoda, 
which are usually regarded as the best guides in correlating strata 
of Secondary ago, we find that no fewer than eight Ammonites, of 
characteristic Gault species, have been recorded from tlie Red Rock. 
These are : — Ammonites auritus. Am. Beuelonti, Am. inter mpius^ 
A7n. lautiis, Atn. ochetouotns*, Am. rostratus, Am. sjdendens, and 
Am. tuherculatus. Ammonites varimis, Am. OoxipeL Aon. Mantelli, 
Am. nnvicularis, and Am. falcatois, which are the characteristic 
Ammonites of the Chloritic Marl and tho Chalk-marl, are con- 
spicuously absent from the Rod Rock. 

Tho extreme rarity of Gastcropods in the Red Rock, while they 
are abundant in the Gault of Bouthern England, finds a natural 
explanation in tho hypothesis that we are dealing with a deep-water 
fauna ; for they are always rare in docj)-watcr deposits, and at the 
present day their numbers always diminish with depth of water and 
distance from land, Pleurotomaria being the only genus that is now 
indicative of deep water. 

* Recently found in tho Lower Gault of Bucks, as have also all tho other 
species, including Am.rostratus,\fh\i:\x has hitherto been supposed to occur only 
in the Upper Gault. 
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Table IT. — Fossils of the Chalk^marl. 


Upper Beds. 


Spongtda. 

Plocoscyphia labrosa, Mant. . . 


Co8ch»OY>ora, ap. 
Spongia, sp 


EciIlNOnEUMATA. 

Cidaris Tesicvilosa, Goldf. 

disaimilis, Forbes 

1 Biscoidea cylindrica, Lam 

llolaster subglobosus, Lcskc 

Isevia, Dc Luc 

Epiaster craasisainuia, d’ Orb 

Paeudodiadcma orrtatuin, Goldf.. 
variolare, Bnmgn 


Annulosa. 

Sorpula antiquata ?, Shy 

Vormicularia umbonata, Shy. 
Pollicipes, 8p 


Bkaciiiopopa. 

Terebratula biplicata. Shy 

, Tar. obtasa, Sht;. .. 

, var. faba, Shy 

eemiglobosa, Shy 

Bubundata, Shy 

Buloifera, Morr 

Kingena lima, Bcfr 

Terebratulina graeilis, Schlofh. 

, var. nodulosa, LYk. 

striata, Wahl. 

B/liynchonella Cuvieri, cC Orh 

Grasiana, d'Orh 

Martini, Mant. . . 

, var 

Mantelliana, ^y. (rare).. 


Pelbcvpoda. 
Ostrea vesicularis, Lam. 

frons. Park 

Pecten Beaveri, Shy. ... 

elongatus, Lam. ... 

fissicosta, Eth 

orbicularis, Shy. ... 


Basement- 
bed. 7 

Inocera- 

»?is-beds. 

V, • 

1 « 

i 

1 

"oo 

a 

3 

w 

a 

o 

O 

1 1 

§ ^ 

'ffi a 

a .ii 

3 c 

W a 

v;. 

♦ 


* 

1 

* 

... 

1-1 



* 


• 

,.\ ... 


\ **• 

B 1 

... ... 

1 *•* 

... 

1 B 1 


B 


1 * 




B 


... 


* 


... 


* 




* 




B 


* 


* 

* 

* 


* 


* 




♦ 


* 


* 

* 

* 

* 


* 


* 




* 


* 

# 


* 



? 





« 


* 



■*" 

... 

? 

* 


« 

* 

* 


... 


* 





* 




* 


* 


« 


Hnnstantnri 
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Table II. (continued). 



Baaement- 

bed. 

Inocera- 

wzz/A-bedfi 


tJpiper Beds. 



Shouldham and 
Roydon, &f. 

— 

Hunstanton. 

c 

o 

I 

Hunstanton. 

Stoke Ferry, 

Dereliam. 

Dersingham. 

Snettisham. 

Hunstanton. 

Vr.hv.CYX'OO A {continued). 
Plicatula intlata, Shi/ 


* 

* 

* 

* 


* 

* 

B 

Lima ecliinatfl-, Ef?i 







... 

* 


Avicula grvplacoidos, Sin/ 

Spondylus linealiia 

striatua, Shy 

Inoccramua latus, Mant 

* 

* 

# 

* 


# 

B 

* 

* 

? 

* 


* 

* 

ntriatuB, Mant 









B 

Qabtkkopoda. 

Pleurotomaria, sp 









* 

Ckpiialoi*oi»a. 

AiiiTnonitos varinris, Hinj 

IVhmtelH, Sin/ 

Auslcni ?, Sharpe 

rhotomaffonHis, llrompi 

sp. (antall) 

TurriliU's, s)) 

liolemnilolla ultima, Sharjir 

FlHlI. 

Otodus appcndiculatus, Ji/ 

* 

* 

* 


* 

* 

* 

* 

... 

* 

* 




Xlio ill tlio ;l1)ovo list indic^atos tlint tlio sjnuiios is cjuotod 

from Dr. Darrois’s ‘ ItccUcrclics siir l<i D^rraiii Cri'tacv sii])eriour.' 

As tho litholojj^ical cliaractors of tlio Chalk-marl t?xlubit a elianfro 
in passing from Camhridgoshiro into Norfolk, it is not siirjirising to 
find a corresponding cliango in the relative abnndauc;o of the fossils 
wliich occur in tliis subdivision. Thus in Cambridgeshire and the 
Midland counties, where the greater part of the Chalk-marl is 
really a marl, Hohistcr sulujJohosas is a very rare fossil, so rare that 
neither of us has yi't iound a sjiecimeii ; in the “ //ior<:'ru?m^5-b6‘ds 
of Hunstanton it is exceedingly common, and it also occurs occa- 
sionally in the overlying beds below the Totternhoe Stone. Similarly 
Lima ccJiinata which was first described from the Toltemhoe Stone 
of Burwell, and has not yet been found in the Chalk-marl of 
Cambridge, becomes a common fossil where this Marl juits on the 
rough and rocky facies in West Norfolk, and is especially frequent 
in the Itwc^ramns-hoAs. 

On the other hand, liJiyuchoneUa Martini, which is such a common 
species in the Chalk-marl of more southern counties, becomes so 
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rare in I^orfolk that we only found the typical form in the pit at 
Snettisham, that in the Hunstanton “ sponge-bed’’ being a tine-ribbed 
variety, having some affinity with Ji7i, liru'olata» 

The same is the case with AmmoniUs vurians, which is so 
common a fossil in the Chalk-marl of Keach and other (.■a.mbridge 
localities, and ^vhich is still abundant in the hard marl of Hockwold 
(trangci, Sutfolk. At Stoke Ferry it is a rare fossil, and beyond that 
place we did not meet with it at all except doubtfully at Hunstanton, 
neitlier is it recorded in Dr. liarrois’s lists, so that if it does occur 
it is one of the rarc^st fossils at Hunstanton. The sauui may be said 
of Ammonites ManteJli^ which is common in the Chalk-marl of the 
southern counti(\s, but becomes rartu' in going north. 

It would appt'ar in fact that the Ammonites were; inhabitants of 
shallow waters, for whil(‘ the)’ swarm in tlu^ Cault, Uj)per Creensand, 
and Chalk-marl of the soul hern countit's, tlu'y beconu* gi adually 
less abundant in the higher j)artH of the Chalk of that region. 
Since therefore they also becoiiu^ much rarer both in the* (lault 
find iji the (’halk-marl as these divisions fire Iracc'd noithwaj’d, wo 
may n^asonahly conclude! that this rarity is due to tlu' iiuTeasc^ in 
the depth of the Cretaceous sea towards tlu^ north, an inference 
alr<^‘idy draAN ii from other data. 

\\'e have to thank ]Mr. H. (1. Fordliam for the loan of the fossils 
wdiich he collecti'd recently from th<^ S])ong('-bed at Hunstanton; 
thes(‘ have enahled us to give a fuller list than has hitherto been 
))uhlish(‘d. Orn^ of tluj commonest- fossils in this bed is Avicula 
(/rj/pheHriJes^ 'which is so abundant in the basemen t-bed at Itoydon 
and Shouldham and in the Cambridge Greensand ; this s]K‘cies occurs 
randy in the J noc( ntmns-bodfi, and we did not meet wdth it above 
that horizon. 

Our thanks are also due to Dr. G. J. Hinde for naming the 
fragments of S]>onges which Mr. Fordham had found. 


Table HI. — Id)ssils of the Totternhoe Stone, 



Hunstanton. 

Snettisham. 

Dersingham. 

Sandringham. 

Stoke Ferry. 

Isleham. 

Eciiinudkkmata. 







Holaster subglobosus, Leslce 

* 

>»: 




♦ 

Discoidea cylinclrica, Lam 

* 






Cidaris vesiculosa, Gold/, (spines) 






# 

CUUSTACEA, &c. 







Verraicularia umbonata, Sby 

* 






Pollicipes glaber, Eom 

* 

♦ 





Scalpellum maximum, SJjy 

* 






Glyphea cretacea, JSftCoy 

♦ 






Fuoploclytia brevimana, M'Coy 

* 
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Table TIT , (continued). 


Hunstanton. 

Ij 

a> 

do 

♦ 

* 

* 


* 

* 



* 


* 


? 


* 

* 

* 


* 

* 

♦ 


* 



* 



* 

* 

* 

* 

* 


* 


? 


Xc 


* 


* 


* 


* 


* 


* 



; / i / f. 


13HACJIIOPOPA. 

Terebratula biplifata, Sh?/ 

«ulcifera, Morr 

semiglobopa, 

Bubuiidata, <SV/// 

squamosa, Afant 

Kingena lima, 7>fi/r 

TerobratuJiua gracilis (var. Tif)dulo8a, Iflfh.') 
lihynchonolla Maiitclliana, ISlyy 

Pelecypoua. 

Avicula filata, J^tli 

, n. sp. 

Ostrea vesicularis, Ijum 

Pccten orbicularis, iiiby 

Peaveri, 

elongatus, Lam 

iNcilbca quinquecosti'ita, !Shy 

I'licatula iulUit a, i:^hy 

Teredo amphisbsena, (jlolrff. 

liinia globosa, Shy 

luoceramus lat us, Alant 


Gasteropoda. 

I’louroiomaria, sp 

Kusub, sp 

Turbo, sp 


Cepiiadopoda. 

AmmoniteH vorians, yS7>?/ 

rliolomagcn^is, d'Orb 

Turrilites costat iis ?, Lam 

Paculiles, sp 

Nautilus elegaiis, Shy 

DoBlougcliainpsiaiius, d'Orb. 

Fish. 

Lamna, sp 

Oxyrhina Mantelli, yiy 

Sauroccphalus striatus, Ay 


From the above list it will be seen that at Isleham the stone is 
nearly as fossiliferous as it is at Bnrwoll and Cherry Hinton. The 
Isleham column has been filled up from three sources, (1) our own 
collections, (2) that of the Woodwardian Museum, (3) that of the 
Jermyn Street Museum, to which Isleham fossils were presented by 
Sir E. H. Bunbury. 

From Isleham to Stoke Ferry is a distance of 18 miles, and at 
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Stoke the Btono does not yield so many fossils, but then its 
diminished thickness must be taken into account. Its fauna in 
Norfolk does not offer any special peculiarities, and no doubt more 
prolonged search would greatly increase the number of fossils, and 
prove the assemblage to be the same as in Cambridgeshire. 


Tabm IV.— Fossils of the Qrey Glmllt. 



\\ 


P? 




w 


' O O' 

i ° 

iPh ^ 



Serpula eubtorquata 

lloiaster subgloboaus, LcaJce 

trcpensis, Lcijm 

Oiclaris diasimilis, Forbes 

iiowerbaiiki, Forbes 

Diacoidea cylindrica, Lam 

Terebratiila somigloboaa, Sbij. ... 

squaraoaa, Manf 

Rbynchonolla Grasiana ?, (V Orb 

Manlelliana, l^hy 

Kingena lima, Defr 

Terebratulina gracilis, var.nodulosa 

Ostroa veaicidaris, Ijam 

Pocten orbicularis, >SV>v/ 

Exogyra haliotoidea, Sby 

Plicatula inflata, ^hy 

Lima ceiioiuanensis ?, <L Orb 

Inocerainus mytiloides, Maiii 

Ammonites lewcsionsis?, Mant. ... 

Austeni, Sharpe 

cenomanensis, tV Orb 

rbotomageusis, d! Orb 

■ plaiiulatus, Sby 

Pelemnitella plena, Blainv 

Fish-sciiles 


* 


* 


* 



* 


li 


♦ 


* 


* 


4: 


* 


B 

* 

B ♦ 


* 


B 


The assemblage above recorded is such as might be found in the 
same subdivision further south, with the exccjjtion of Belemnitella 
plena. The occurrence of this 8j)ecies in the grey chalk of West 
Row near Mildenhall is a noteworthy fact, for it is its first 
recorded occurrence at such a distance below the Marls which form 
the zone of Bel. plena. The species from the Totternhoe Stone 
which has elsewhere been called Bd. plena is not that form, but the 
Bel. lanjceolata of Sowerby (non Schlotheim). 

The original example of Peltastes Bunhuryi^ Forbes, was obtained 
near Mildenhall by Sir E. H. Bunbury, and may therefore have 
come from the West Row pit. 

The marls of the zone of Belemnitella plena in Norfolk have as 
yet yielded but two species, Terehratula semiglobosa and Bhynr- 
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chonella pUcatilis ; but as the bed is only exposed at three or four 
localities and is very thin, this paucity of fossils is not surprising. 

The letter B in the Dersingham column means thfit the species 
so indicated arc quoted from Dr. Barvois^s list in his ^ Recherches sur 
le Terrain Cretace superieur.^ 


Table V . — Fossvls of the Melhourn Rock and zone of B. Cuvieri. 



Barret 

Ringsteacl. 

Seclgford. 

Heacham Pit 
and Cutting. 

Hillington. 

S.E. of 

Whittington. j 

"o 

"oi 

A 

S 

"c 

I.2S 

Mildenhall. 

W orlington. 

Oarfliaster pygnia'us, Forhes 





■ 

* 




IIomiaBtcr iniiiirnus, Aq 










Eoliinoooiius subrotuiitius, Nant... 

* 

* 

.. 

* 

* 

* 

♦ 

* 

* 


— ■ castanea, Brtmqn 



* 







I)i8(H)idt«i. nuiiima, Aq 










Cidaris, ep. (hiuii(*h) * 

* 


* 

* 






Ter«‘bratida seiniglobosa, 

* 

sje 

* 

* 

* 

* 

* 

* 


BbynchoiieUa Cuvieri, d'Orh 

* 

% 

* 


* 

* 


* 

* 

liiocerauuiH luyl iloidos, ... 

* 

* 

* 


* 

♦ 

* 



AmiuouiieB x»er;nnj)lu8, Mant 



* 

... 

* 


* 



■— CuTtuiugioui ?, Hharjio 

... 


* 




* 




Th('. fossils on this zone, as might ho expecled from the constancy 
of its lithological churacters, are the same us iliose w hich it contains 
in the ^Midland and Houtliern c,ounlh‘S. The lower hods of the 
Melhourn Kock are, as usual, w ithoiit fossils, hut Iho upper beds and 
the sIkj]]^?' chalk above abound in Rhynchonelhi Cuvieri and Ino- 
ceramus niyiiloides, while the (‘chinid Ecleinuconns aubrotundus is 
hardly less common above the Itock. 


§ 3. BeVIEW op THE MIJiXTTE SteUCTXttIE OE THE BeDS DESCEIBED 
IN Tins PAPim. 

Oault . — ^Tho examination of s})ccimens from various horizons of 
this formation, from Chatham AVell-boring, Streatham Well, Arlescy, 
Tring, &c., shows them to consist in great part of inorganic material 
in an exceedingly tine stat e of division ; on this acid has no effect, and 
it is negative under crossed nicols. An inconsiderable x^ortion can 
be recognized as very tine quartz-sand, mica, gi ains of glauconite, 
and fragments of a fibrous material, probably of felsxiathic origin, 
Fragments of shell, Foramin feral tests, and minute atoms Avhich 
appear to be calcareous and disappear after acid, arc present in 
varying proportions ; but the dex>osit, as a whole, may he spoken of as 
inorganic. 

The material composing the Upper Greensand which overlies the 
Oault in Buckinghamshire is in a much coarser condition, and the 
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examination of cores from a boring near Tring showed that there 
was a gradual passage extending through many feet from the coarse 
material of the Greensand to the finer material of the Upper Gault, 
a similar but more rapid passage to the Lower Greensand occurring 
at its base. 

Proceeding along its outcrop to tbe north-east from Tring, the 
upper part of the Gault becomes more calcareous, and contains many 
Foraminifera, shell fragments and ntonis of a calcareous nature, 
rendering it at Fan court, near Harlington, almost comparable to 
certain parts of the Chalk-marl. lint it is invariably separated 
from this lorrnation by a Glauconitic jMarl, a b(‘d in which rather 
coarse grains of glauconite, (pnirtz and mica tlakcs, with m.iiiy shell- 
fragments, abound in a calcareous matrix, though the amount of 
its several ingredients varies somowliat with locality. 

Ibocecdiiig still further to the N.E., we reacli the incoming of 
the (kimhridge Greensand dividing the (Janlt from the (Jbalk-marl, a 
bed marked by tlie abundance of largo glauconitic gr.ii ns, rather 
coarse quartz-sand, and sonu^ mica. At Arlescy this bed rests 
immediately on the Gault, which is not c:d(tar(‘ons and agrt'cs with 
that from its centre near Tring, thi;re being no passage whatever. 

Wo have had no opportunity for tJio examiinition of tht‘. material 
at the junction of the Gault and C'am))ri(]go Greensand between 
this point and Stoke Ferry, hut at Stoke our boring passed through 
a bed in which green grains were abundant, .and whieh also 
contained quartz and mica, and then (‘iibaud .ahruj)t]y into bright 
blue clay, which, tliongh less caU^artMmH than that at Fancourt, is 
more so than at Arlcsey, and is probably l:])])(‘r rather than Middle 
Gault. It forms a link between the latter and the still more 
calcareous d(q)Osit which wo recognize as the Ui)por Gault further 
to the north-east. 

The Lower Gault exposed at Muzzle and West Dereham is some- 
what calcareous and contains many shell-fragments, Ac. ; it is, 
however, not unlike that from tho lower part of the Tring boring, 
but there is a deertjase of the coarser recognizable inorganic particles. 

The examination of specimens from the railway-cutting north of 
Grimston station, from the brook sides, and from the boring at 
lioydoii ])it shows thjit the deposit which wo recognize as the Gault 
has undergone considerable change. 

That lying below the hard beds, while still containing much of 
the fine inorganic material, contains tUso a large proportion of shell- 
fragments and Foraminifera, and calcareous atoms derived probably 
from their decomposition. Glauconite apj)ears to he absent, but 
there are a few quartz-grains sparingly distributed through tho 
mass ; some of these a])})ear to be of greatei’ size than those usually 
met with in the Central or Lower Gault, and may be derived in part 
from tbe underlying sands. 

The hard beds seen both .in the railway-cutting and elsewhere are 
alike in their structure. They appear to he entirely organic, and con- 
tain no quartz or glauconitic grains. Disunited or primordial ceUs 
of Qlohiyerina or other Foraminifera form nearly 20 per cent, of their 
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mass, and sheU-fragments, which often occur in small accumulations, 
about 8 or 10 per cent, more, the remainder being fine amorphous 
material. That part of the Gault above the hard beds, while still 
containing fine inorganic material, abounds in shell-fragments, 
Foraminifera, and calcareous atoms, the amount of the coarser 
fragments varying in different specimens. Itecognizable particles 
of quartz are few and small, and grains of glauconite have not 
been dt^tected at all. 

The pink marl of the cutting and of the brook presents no impor- 
tant difference in structure from that described above. 

The yellow and red beds passed through in the boring at Der- 
singham are alike in their structure. As in the Gault at lioydon, 
especially in that lying above the hard beds, organic material 
preponderates, single Foraminiferal cells, with some shell-fragments, 
forming no inconsiderable part of their mass. A few large grains 
of quartz-sand occur in the Ked Olaj', visible to the unassisted e 3’0 
and comparable with those from the Oarstono ; smaller particles are 
not uncommon. 

We havii been unable to make a satisfactory’ section of the basal 
foot of the lied Chalk at Hunstanton ; but above this the structure 
is much the same as that of the most calcareous Gault above 
described. Foramini feral tests ore porhax)8 in greater proportion, 
and tlusro are indications of sponge-structure in the specimens 
exjimined. The U]>por part of the lied (ffialk will, in fact, compare 
with the lied Clay of the Dcu’singham boring, with the more eal- 
caroouH spocirncMis of the Grimston Gault, and also with tin*, hard 
beds, its chief dift'erence being the greater amount of large quartz- 
and other mineral grains which it contains, and which have 
evidently bexm derived from the sands on which it lies. 

The Glcmconitic Marl found at- the base of the Chalk-marl at 
Stoke Feriy has many ]>{)iuts of r(\semblance both to the Cambridge 
Greensand and to the beds which lie at. the base of the Chalk-marl 
in lied fordsli ire. It is a calcareous marl, containing an abundance 
of glauconitic grains, with some mica-tlakes and fine ((uartz-sand ; 
and though these materials, particularly^ the glauconitic grains, are 
smaller and finer than in the Grticiisands of Bedford or Cambridge, 
the fact of their appearance in abundance at this horizon in a 
locality where such inorganic mabudal is rare is most important. 

The base of the Chalk-marl seen in the pit at 8houldham is a 
glauconitic bed, similar in all respects to that above described. This 
marl was again identified at Marliam, beyond which it was lost. 
Above this bed, at Shouldhara, the Chalk-marl, though hard, is not 
gritty% fine amorphous material forming a large proportion of its 
mass ; single Foraminiferal cells are conspicuously abundant, and 
these wdth a few shell-fragments and entire Foraminifera constitute 
the remainder. 

Challc-marl , — Following the Chalk-marl, as we have done the Gault, 
we find that at Charlton, in Bedfordshire, it consists of a bluish 
grey clayey^ marl, with a recognizable amount of glauconitic grains, 
fine quartz-sand, and a proportion of the fine inorganic matter 
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similar to that of the Gault. But the quantity of shell-fragments, 
tmtire tests and disunited cells of Foraminifera, and calcareous atoms 
prove the marl to be mainly of organic origin, though at this point 
imjmrcly so. At Charlton it passes up into a purely calc marl, 
yeUowish-grey in colour, the tint becoming lighter with its 
increasing piirit}" as a calcareous dejiosit. 

Following the marl to the K.E., we find a gradual diminution in 
the amount of recognizable quartz-jiarticles and gradually increasing 
purity from inorganic matter, till at Stoke Fei*ry hardly a trace of 
the bluer and most impure marl w^as noted in our boring, and the 
deposit, as a whole, appeared almost purel}^ calcareous. 

As previously mentioned, the upper part of the marl, at Felt well. 
White Dyke, &c., increases in hardness. This is marked by an 
increase in tlie quantity of shcdl-fragnients, ])rincipally ])risms of 
7^/ior6'ra}>ias-shells, which giv’e it a gritty touch not unlike the 
Totternhoe Stone. 

At Stoke Ferry layers of hard (Jhalk-marl, rendert'd gritty to 
the touch by the ])r(vs(‘nce of many minut(.‘ i)i(‘ces of shell, and 
separated by layers of less shelly material, ('xtend for some distance 
below the Totternhoc' Stone. Jielow this, in the. softer Chalk-marl, 
the amount of the coarstT organic remains, such as shell-fragments 
and Foraniinifera, is small compared with the proportion of amor- 
phous material of which the Marl consists. Partichis of quartz are to 
be found throughout; it- ; grains of glauconite occur commonly in tho 
top and lower portioji, but are less abundant in specimtms from the 
centre. 

To this point- every specimen of the Chalk-marl we examined 
contained minnte grains of glauconite and quartz in varying 
proportions ; beyond it the glauconite does not- occur in the base- 
ment-bed, and is restricted to that part of the mai'l which wo 
believe to be the e(]uivalent. of the Inocenmius-hod and to tho 
Totternhoe Stone, while particles of quartz ari^ few and small. 

Thin sections of the; hard croaray-whito limcstouo which lies 
immediately above the Gault at Iloydon and in tho neigh- 
bourhood of Grimston show that this bod does not differ 
materiall}^ in its structure from the base of the marl above the 
glauconitic bed at Shouldham. Single Foraminiferal cells and 
more or less perfect tests of Foramiiiifera are conspicuously abun- 
dant ; but these and a few shell-fragmcuits form hardly 25 per 
cent, of the material. The so-called Sponge-hod at Hunstanton is 
comparable in all respects to the base of the Chalk-marl at Grim- 
ston and Iloydon. 

In the hard grey chalk above the creamy- white limestone at 
Boj^don we find the gritty character of the Marl, which we have 
noted graduallj’ increasing to the northward, still more marked. 
Here it closely resembles the Totternhoe Stone in appearance and 
structure, consisting of about 60 per cent, of coarse, irregularly 
sorted shell-fragments, mostly prisms of ynocifmwws-shells ; grains 
of glauconite are abundant, and the whole is set in a matrix of 
amorphous calcareous material. The green-coated nodules at its 
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base are not shelly, but agree in character with the underlying 

limestone. ® 

This bed was certainly passed through in the boring at Bersing- 
ham, and at this place, as well as at Snettisham and Heaoham it 
gradually passes up into hard, white Chalk-marl, which, though less 
gritty, is full of shell-fragments and Foraminifera. The structure of 
the Inocei'amiis-hed at Hunstanton is almost identical with that 
of the hard, gritty chalk at Hoydon. The shell-fragments are 
much coarser in its basal two or three feet, but it passes up into 
similar material and, finally, into the hard, white Chalk-marl, 
identical with that at Dersingham. 

The Totfenihoe Stone. — The beds usually referred to as the 
Tottenihoa Stone vary a little in structure. That most in request 
for biiildiug-purposes, and which is quarried at Totternhoe and other 
places, and may be described as the typical stone, is seen, under the 
microscope, to consist of from GO to 70 per cent, of shell-fragments, 
remarkably uniform in size, many glauconitic grains, which are 
frequently of large size and often in the form of beautifully perfect 
casts of Foraminifera, and a small percentage of fine quartz-sand. 
Both above and below the typical Totternhoe Stone are beds which 
pTOSont iw such rogularii-y in the assortment of the shell-fragments 
composing them, and the beds of the stone ilsolf vary" in thickness, 
and are often separated fi'oni one another by layers of less shelly 
chalk. 

The Brassil,” -whieh underlies the 8tone at lliirwell, consists 
mainly of V(My coarse sbell-friigments ; but the green -coat ed nodules 
cojitaiinid in it arc not slielly, their microseo}>ic stTiicinre being 
comparable with that of the Chalk-marl beneath. 

At Jsl(d)am, Beck Bow, and >Stoke Ferry we are able to identify 
the Totternhoe Stone by its microseox>ical charact(^rs. It presents 
in all these exposTires the same appearance as in specimens from 
the less defined hods of Hertfordshire and Cambridge, being rather 
irregular in grain. 

At Sandringham, Dersingham, and all exposures beyond, tlie 
massively bedded layer at the top of the hard Chalk-marl possesses 
the same shelly character as its equivalent, at the top of the Marl 
in Hertfordshire and Cambridge. IS])ecimens from most of these 
exposures show some little irregularity in the size of the comminuted 
fragments of shell of which they are largely comi)osed ; but that 
from the clift* of Hunstanton is veiy like the upper jjurt of the stone 
exposed in the Totternhoe quarries. 

It must he added, however, that the nue quartz-sand, which at 
Totternhoe forms a pari of its constituent material, is almost 
absent, at Hunstanton. The gradual diminution in the proi>ortion 
of this can be followed along the line of the outcrop of the Stone. 

The Grey ChaJlc. — Above the Totternhoe Stone the change 
in the character of the deposit is usually" abrupt, hut not 
invariably so. Thin sections from the lower part of the Grey 
Chalk between Hewmarket and Shouldham present exactly the 
same characters as those which we have before described in Cam- 
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bridge and Hertfordshire*. It consists almost entirely of fine 
amorphous material, with but few recognizable shell-fragments and 
Eoraminifera ; but north of Shouldham these become much more 
abundant, and the chalk assumes a firmer texture. 

The hard white chalk previously referred to as underlying the 
Belemnite-marls closely resembles the white chalk with clean 
fracture noted by us f as occurring at varying distances below the 
Belemnite-marls of Hertfordshire and Cambridge. The single cells 
of Poraminifera increase in quantity, and it would appear that 
the change in the lithological character of the Chalk may be due to 
some extent to their presence. This bed was noted as far as 
Hillington, where it forms a marked feature in the pit-face ; beyond 
this to the north it was lost. 

Grains of glauconite, which are to be found in almost every 
specimen of the Chalk-marl, do not occur commonly in the Grey 
Chalk (except at particular horizons in certain beds, as the “ Bag” 
of Bedfordshire) ; of nearly 1 50 specimens from this horizon alone, 
from various localities, only one contains them. Minute grains of 
quartz extend a little distance up into the Grey Chalk, where the 
passage between it and the Totternhoe Htone is not abrupt ; the 
same remark will also apply to the grains of glauconite. 

Mclhourn lloclc. — In thin sections this rock also 2)resents the same 
characters through Suffolk and Norfolk that have already been 
described by us. Like that of Cambridge and Hertfordshire, it is 
full of fragmentary i>ieces or nodules of chalk, not unlike that which 
forms the top of the Grey Chalk beneath it, and those arc imbedded 
in a matrix which freciuently contains a largo 2 )ro 2 )ortiou of coarse 
shell-f ragments . 

There is also at this horizon a remarkable increase in ihe quantity 
of single Poraminiferal cells ; in some of the less nodular and shelly 
specimens they are exceedingly abundant, and form a large*. i)art of 
the material of the Chalk. 

Although these forms are often eons 2 )icuously abundant (s(h^ 
ante}, there is no other horizon hedow the Chalk llock wh(‘r(*, so far 
as we know, they plaj’ so inij)ortant a i)art in the formation of the 
Chalk. They are generally referred to as the disuniti'd or i)nniordial 
cells of Foraminifera ; but it is singular that with th(‘ir increa.se 
perfect forms do not become more abundant. 

§ 4. Chemical Composition of the Gault and Chami-mael. 

By the kindness of Dr. W. Johnstone, F.G.S., and Mr. W. T). 
Severn, we arc able to furnish some information concerning the 
chemical composition of the beds referable to the Gault ajid Chalk- 
marl in West Norfolk. 

It has been stated (]>p. 547, 549) that the marls which Ave refer 
to the ITpxier Gault, near lioydou and Grimston, are so calcareous as 
to have been mistaken by some geologists for Chalk-marl. The 
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t Op, cit. 
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following is an analysis made by Mr. W. D. Severn of the marl 
found at a depth of 5 feet in our boring at Eoydon ; — 


Kesidne insoluble in HCl 25*55 

Carbonate of lime 66*31 

Alumina 3*33 

Iron (as Fe^Og) *81 

Magnesia *46 

Phosphoric acid trace. 

Moisture (at lOO'^ C.) 1*85 


1)8*31 

The percentage of carbonate of lime in this sample is, undoubtedly, 
a very high one, and the marl is evidently far more calcareous than 
the IJy>per-Gault Marl of Folkestone, in which Mr. Hudlcston found 
only 25 per cent. But it is obviously more logical to compare the 
^Norfolk Marl with the Uy)per Gault of some more northern locality 
than Folkestone; and we have already men iioned the calcareous 
asjiect of the Upper Gault of Jiedfordshire, some of which has also 
been mistaken for Chalk-marl. We are indebted to Mr. Hevem for 
the following analysis of a sample from Fan court biickyard : — 
llesidue insol. in IICl, silica and silicates 38*21 


Carbonate of lime 53*50 

Alumina 3*90 

Iron (as FeO) 2*00 

Phosphoric acid *09 

Moisture (at 100® C.) 2*00 


99*70 

It will bo soon ihat this marl contains twice as much carbonate of 
lime as tluH. of Folkestone, and, consequently, that the proportion 
comes very much nearer to that in the Jtoydon marl — an ai)proxi- 
mation which strengthens the conclusion already arrived at, that the 
Norfolk marl is an actual northward continuation of the Bedford marl. 

The following (A) is an analjsis of the limestone which lies at 
the base of this marl in the Koydon cutting ; it was made for us by 
Dr. W, flohnstono, and we have jdaced beside it an analysis by 
Prof. Way, of a hard bed in the Chalk-marl of Farnham (B), which 


has a very similar composition : — 

A. B. 

Insoluble residue (silicates, &c.) . . 6*64 7*26 

Carbonate of lime 89*46 85*95 

Sulphate of lime 1*32 *10 

Carbonate of magnesia *18 1*18 

Potash and soda — 1*47 

Manganese *40 — 

Alumina 1*40 *20 

Peroxide of iron 1*10 1*74 

Soluble silica — 2*11 


100*50 100*01 
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Just as this limestone lithologically resembles the harder beds of 
the Chalk-marl, though it holds fossils which are characteristic of 
the Gault, so also there is a resemblance between the Hoydon 
marls and the softer Chalk-marls of the south of England, as will 
be seen by comparing the analysis above given with the following 
(A being one by Prof. Voelcker, of a Wiltshire Chalk-marl*, B one 
by Prof. Way, of a soft marl, near Famham, in Surrey t, and C by Mr. 
J. W. Knight, of the Chalk-marl at Horningsea near Cambridge) ; — 



A 

B. 

C. 

Insoluble residue (silica, &c.) 

22-80 

21*85 

16-00 

Soluble silica 


210 


Carbonate of lime 

70-86 

70-88 

6i)-00 

Carbonate of magnesia .... 

1-72 

-75 

1-80 

Sulphate of lime 

2-05 

-85 


Potash and soda 

tmees 

1*90 

2-80 

Alumina and iron 

1-02 

2*81 

3-70 

Organic matter and loss . . . . 

1*00 


0-00 


09-90 

99-70 

100-00 


The proportion of carbonate of lime is a little larger than in 
the Koydoii marl, but near enough for us to concludi* that the latter 
■was formed under such conditions of depth and distance from land 
as afterwards prevailed in the south of England during the formation 
of the Chalk-marl ; consequently we may infer that the Gault sea 
in Norfolk was deeper iind more distant from land than the Gault 
sea of the south and centre of England. 

If we now compare the analyses of Chalk-marl, or even that of 
the harder and more calcareous bed at Farnham, with analyses 
of the beds at the base of the Chalk at Hunstanton, we shall see 
how much more calcareous the representative of the Chalk-marl 
becomes in Norfolk. The following analyses of (A) the “ Sponge- 
bed ” and (B) the Inoceramiis-hQA have been kindly placed at our 
disposal by Hr. W. Johnstone : — - 


Insoluble silica 

A. 

8-17 

00 

Lime 

58-28 

51-50 

Carbonic acid 

42*29 

40-54 

Phosphoric acid 

•29 

•16 

Sulphuric acid 

. traces 

•09 

Alumina 

•85 

•35 

Peroxide of iron 

•32 

•50 

Manganese 

traces 

•47 

Magnesia 

•75 

•25 

Sodium chloride 

traces 

•75 

Moisture and org. matter . . 

traces 

1-40 


100-40 

99-39 


* Joum. Bath and W. of Engl. Soc. ser, 2, vol. vii. p. 240. 
t Journ. Roy. Agric. Soc. vol. xii. p. 551, In this, after combining the mag« 
nesia, the sum of OO^CaO has been taken as giving the amount of CaCX) , 
though the amounts are not in strict theoretical proportion. 
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The amount of carbonate of lime in A may be taken as 95*5 per 
cent., and in B as 92 per cent. ; for although the Inoceramus-hQ^. is 
so gritty to the touch, it is really a pure limestone, and does not 
contain a larger quantity of silica than tlie compact limestone upon 
which it rests, its grittincss being entirely due to the angular 
fragments of hard I noceramus~^^e\\, of which it is so largely 
composed. 

We were also desirous of knowing the*, chemical composition of 
the red marls, which occur at Grimston, Iloydon, and Dersingham, 
and to see wheth<^r the last W'as mon^ clostdy relat(^d in this resj)cct 
to the Roydon marl or to the R«‘d Chalk of Hunstanton. By the 
kindness of Dr. Johnstoiu*, to wdiom we sent samples, we have 
been furnished with tlu^ following analyses of (A) the Grimston, (B) 
the Iloydon, and (C) the Dersingham Marl : — 



A. 

B. 

C. 

Silica, and silicates 

22*<>0 

24*13 

25*70 

Carbonate of lime? 

09 * r>o 

() 4*40 

04*49 

Carbonate of magnesia .... 

*90 

•90 

1*32 

Sulphate of lime 

*00 

•30 

•33 

P(‘r oxide of iron 

3*40 

0*00 

4*10 

Alumina and jjbosphorie acid 

1 *00 

•90 

•80 

Mangan(?se? 

trace 

traces 

trac(‘s 

Organic matted, Ac 

1 *34 

3*25 

3*20 


lUO'OO 100*00 100-00 

It will he seen that tlu^ three are very similar in tluur com- 
position, th<^ marls from ]lt»ydon and Dersingham being almost 
identi(;al, although the localities art^ niori^ than four miles a})art. 
A comparison of the above analyses with that of the overlying 
grey marl at Roydon (p. r)8r>) shows that tlu'j* may be ri'garded 
as the same marl, coloured n?d h^* pe roxide of iron, the proportions 
of silic(*ous matters and carbonate' of lime l)enig almost the same, 
whiles the? ])re)j)ort ions of ireui and alumina are in an inverse ratio. 

Th(‘y all eiitler from the Red (Jhalk, an an;il 5 \sis of which has 
been giveui by Mr. Wiltshire^'; auel the tbllowing is that of a pink 
sample from ilunstanton, l>y Dr. Jedinstone : — 


Silica, &c. 7*r)0 

Oarbe)nate of lime 83*81 

Alumina 1*(>7 

Reroxido of iron 5*72 

Manganese. . . . . *58 

Magnesia *02 


99*90 

This is, lithole>gically, a chalk ; but its being so does not prove it 
to be stratigrapbically Chalk, any meire than the composition of the 
llo 3 ^doii marl i)roves that to be Chalk-marl. 

* Quart. Journ. Gieol. Soc. vol. xxv. p. 185, 
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§ 5. PaULTS and THE CHANGE OF STRIKE. 

Prof, Judd has called attention to the frequency of cross faults 
in the district where a change of strike takes place*. Such is the 
case in the north of Gloucestershire, where the Jurassic escarpment 
changes its strike from a northerly to a north-easterly direction, 
and, again, in Rutland, where it resumes a northerly strike. 

The same phenomenon is exhibited in the district we have 
described, where the Chalk escarpment changes its direction from 
north-east to north ; hut the faults are much less easily detected, be- 
cause there are no sharj) contrasts in the lithological characters of the 
beds, like those which exist among the Jurassic rocks, and it is only 
when a definite horizon, like that of the Mclbourn Rock, is followed 
across the country that anything like good evidence is obtained 
of the existence of such faults. 

At West Row, near Mildenhall, a small fault is seen in section ; 
but its throw is small, and as we were not able to trace the out- 
crop of the Melbourn Rock round Mildenhall, we cannot say 
whether there are others ; but the change of strike certainly 
begins here. 

We feel sure that an important fault is hidden beneath the 
alluvium of the Brandon river, for, as already stated (p. 505), the 
horizon of the Melbourn Rock, nciar Lakenheath Station, is at or 
below the feu-level, whereas on the northern side of the VfiRey, 
near Hockwold, it is 40 or 50 feet above tht) alluvium, and the 
Lower Chalk forms a j)rominent ridge which extends westward from 
Hockwold for a distance of about two miles. There must therefore 
be an east and west fault, with an ujithrow on the north side. 

We also think that there are two parallel faults near Peltwell, 
between which a narrow block is thrown uj), so that the outcrops 
are shifted eastward for a space, but resume their normal x>osition 
to the north of Peltwell. This inference, however, depends entirely 
on the correctness of our supposition that thci beds exposed in the 
old lime-kiln south of Peltwell belong to the Chalk-marl. 

Prom Peltwtdl the outcroxis ai^pear to l)e continuous as far as 
Whittington, the strike being nearly due north, and the btids 
having a slight inclination in the direction of the strike, so that at 
Whittington the Melbourn Rock is not so far above the levtd of the 
fen as it is at Hockwold and Peltwell. On crossing the Stoke 
river we find the Totternhoc Stone at a somewhat higbcjr level 
than that of the Mclbourn Rock at Whittington, and as the out- 
crop of the Lower Chalk here runs north-west for some miles, it 
looks at first sight as if there were a fault bringing up the lower 
beds on the N.W. side of the vaUey ; but it is probable that the real 
strike is still nearly due north and south, and it will be seen that 
a line connecting the outcrops of the Melbourn Rock at Whittington 
and Marham would not deviate much from this direction. There 
may be a fault with a northerly upthrow, but there is no clear 
evidence of its existence. 

* Geology of Rutland,” Mem. Geol. Surv. 

Q.J.G.S. No. 171. 2u 
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There can be little doubt, however, that Stoke is ttie centre of a 
shallow syncline (whether faulted or not), and that just as the beds 
fell northwards ^ong the strike to Whittington, so beyond that 
place they rise northward to Marham, where the Melboum Eock 
attains a high elevation without being much in advance of the Hne 
of strike. This northerly rise will account for the emergence of 
the Gault and Lower Greensand from beneath the fen, and it will' 
also explain the carrying back of the outcrops so far eastward by 
the valley of the War, which would otherwise seem to require the 
agency of a fault. 

North of Marham and Narborough it is possible that the level of 
the base of the chalk still continues to rise ; but if so, the diminution 
in the thickness of the Lower Chalk keeps the normal level of the 
Melbonrn Rock nearly horizontal ; for though we do not possess 
accurate information, the height of its outcroi) at Marham and 
at Hunstanton appears to be nearly the same, aiid these two places 
are, we thiiik, about on the true line of strike, viz. a north and 
south line, without any appreciable trend to the west, such as would 
appear if the line from Narford to Hunstanton were taken to be the 
true lino of strike. 

Thus the district we have described may be regarded, geometrically, 
as consisting of three portions or blocks, the first extending from 
Mildonhall to the Brandon river, the second from that river to the 
8tokc river, and the third from Stoke to Hunstanton, The first 
two of these blocks have received a slight tilt to the north, so that 
the beds rise along the strike southwards, the third has an inclina- 
tion in an opposite direction. 

li- is evident that these faults and tiltings have a considerable 
ofiect upon the surface-contours of the country, and it seems probable 
also that the tilting of the first two blocks has a connexion with 
the change of strike. In seeking for the cause of this change, w^e 
must ask ourselves which is likely to have been tlic original strike, 
the northerly strike of Norfolk, or the north-easterly strike of the 
Midland counties ? We think there can be little doubt that the 
former was the original strike, imparted to the Cretaceous rocks by 
the upheaval at the close of that j)eriod, and that the north-easterly 
strike was the direction given to the csearj)ment by the disturbances 
which produced the London andHamj^shire hasins. In other words, 
we hold that the influence of the synclinal curvature of the London 
basin does not extend beyond the latitude of Mildcnball, and that 
nor til of this the original strike of the Cretaceous rocks is preserved 
with little alteration, and has not been afiected by the disturbances 
above mentioned. 


§ 6. SUMMAKT AND InFEBENCES. 

Garth . — With respect to the Gault we claim to have established 
the following facts : — 

1. That the Gault can be traced through Norfolk from Stoke 
JFerry to Hersingham, where it thins out. 

2. That it is divisible into an upper and a lower portion, and 
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that it contains a peculiar layer of reddish marl or clay, which 
remains as a basement-bed after the more Gault-like material has 
thinned out. 

3. That the ISTorfolk Gault, as a whole, is much more calcareous 
than the Midland Gault, and that its upper portion cannot be called 
a clay, but is a light-grey chalky marl, with occasional layers of 
yellowish-grey limestone. 

4. That the fossils of those limestone bands decide the real age of 
the beds. 

6. That microscopical examination shows a decreasing amount of 
inorganic matter (quartz, mica, and felspar) as the beds are traced 
northward, with an increasing proportion of organic material (Fora- 
minifera and shell-fragments), which becomes very large in the 
Roydon and Grimston Marls. 

6. That there is an entire absence of anything comparable to the 
malmstoncs, ragstones, or glauconitic sands of the so-called Upper 
Greensand. 

The increasing amount of calcareous matter in the Gault as it is 
traced northward through Norfolk is, we consider, a fact of much 
importance. It is evident that in passing from Dorsetshire to 
Norfolk we travel fui’ther and further away from the source of the 
mechanical sediment, and get nearer to oceanic conditions. The 
quarfczose sands of the so-called Upper Greensand appear to die out 
in North Wiltshire or in Berkshire, the malmstones die out in Buck- 
inghamshire, and marly clays of the Upper Gault take their place 
to the northward ; in Bedfordshire this Upper Gault is very cal- 
careous, and it is still more so in Norfolk, where the Lower Gault 
also becomes calcareous, and the whole foimation gradually passes 
into a thin calcareous deposit. 

Just as the upward succession of the Gault clays at Folkestone 
from the dark-ldue pyritons clay of the Lower Gault to th(3 light- 
grey marly clay of the Upper Gault, indicates in ‘all probability a 
deepening of tlie sea in wbicli they were dc'posited, so tbe lateral 
passage from tbe argillaceous Gault of Bedford and Cambridge to 
tbe marly clays of West Norfolk moans an increasing depth of water 
and distance from land in this direction. 

These considerations are, in oiir opinion, quite sufficient to explain 
why tlio Upper Gault in the centre of West Norfolk hoars so great 
a resemblance to Chalk-marl, and why it contains layers of lime- 
stone and red clay. 

This chalk}’ marl is, in fact, the doe])- water representative of the 
Upper Gault and so much of the Uj>per Greensand as can be shown 
to bo the equivalent of the Upper Gault. 

ChaVc-marl . — With respect to the Chalk-marl itself, we may 
summarize our results as follows : — 

1. That it maintains its average thickness as far as Stoke Ferry, 
but then thins rapidly northward, and decreases to 18 feet at 
Hunstanton. 

2. That its lithological characters alter, the upper part becoming 
harder and whiter before it begins to thin ; hard beds also make 

2 r2 
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their appearance below, and the marly beds thin out, till at and 
beyond Grimston the whole division consists of hard chalk. 

3. That for a certain distance its basement-bed is a glauconitic 
marl, but that this thins out beyond Marham, and the overlying 
bed of hard white limestone then forms its basal layer. 

4. That microscopical examination shows that the proportion of 
Poraminifera and recognizable shell-fragments increases as the beds 
are followed northwaid, and that the hard beds of north-west 
Norfolk may be regarded as the condensed equivalent of the true 
Chalk-marl, differing from it by the greatly reduced amount of 
inorganic matter and of glauconite grains. 

lied Chalk , — We are now in a position to indicate the bearing 
of our work on the debated question of the exact age of the Ked 
Chalk. In the absence of anything like ordinary Gault, Upper 
Greensand, or Chalk-marl at Hunstanton, the remarkable stratum 
which there lies at the base of the Chalk has been referred by 
different observers to each of the formations which appeared to be 
missing — to the Gault by most of the earlier writers and by Mr. 
Wiltshire, to the Upper Greensand by Prof. Seeley (on the strength 
of its fossils being similar to those of the Cambridge Greensand), 
and, lastly, to the Chalk-marl by Mr. Whitaker. Everyone, however, 
has discussed the question ])rincii.>ally from a local point of view, 
founding their arguments mainly upon a consideration of the rock 
and its fossils as seen at Hunstanton. It is true that Mr. C. B. 
Hose and Mr. Wiltshire both obtained some items of stratigraphical 
evidence, but they were rather m(;agri?, while the value of Mr. 
Whitaker's remiirks is diminish(‘d by his having then mistaken the 
Upper Gault of Norfolk for Chalk-marl. 

It was evident, therefore, that the i)roblcm could onl}^ be solved 
by following up the component beds of the Gault and Chalk-marl 
from an area in which they were more normally dt3veloped. Buch 
stratigraphical work, however, was by no means easy ; for these 
strata form a low-lying tract of eountrj^ where natural or artificial 
exposures are few, and where they are often concealed by spreads of 
Boulder-clay aud gravel. Wo think, however, that the borings we 
have made, and the facts we have observed, are sufficient to deter- 
mine the stratigraphical relations of the beds we are discussing. 

As already stated, we have ascertained that in Norfolk there is a 
complete but rapid or sudden transition from Upper Gault to Chalk- 
marl, without the intervention of any quartzose or glauconitic 
sands ; but we would point out that these are not exceptional relations, 
and that the Stoke and Bhouldham sections may almost be matched 
near Ivinghoc in Buckinghamshire and Totternhoe in Bedfordshire. 
At both these places there is an entire absence of anything which 
can truly be cjilled Upper Greensand, and there is a complete passage 
from marly Gault into Chalk-marl, the passage-bed being a dark- 
grey marl with many spangles of mica and small grains of glauconite. 
The explanation of this passage is that the sands and rock-beds of 
the so-called Upper Greensand have been gradually replaced by the 
marls of the Upper Gault, while the green glauconitic marls seem 



OF THE XTPPEK CBETACEOTTS IN WEST SUFFOLK AND NORFOLK. 593 


to have thinned out, so that there is a direct transition from the 
Gault-marl to the Chalk-marl. It is hardly too much to say that the 
structure of the Totternhoe district affords the key to that of West 
Norfolk, bccaiise it explains that passage from Gault to Chalk which 
has been such a puzzle to those w’^ho have examined the Norfolk 
sections. It is now evident that sTich a complete transition from 
one formation to the other is tlie normal condition of things in that 
part of England which lies to the north-east of 11 uckingham shire. 

This being so, we are complettdy relieved from the necessity of 
finding an ecpiivaleut of the l"pj)er Greemsand as distinct from the 
Upper Gault in the Hunstanton section, and it only remains to 
decide w'hethcr the Ibid liock in that section is the t'qiii valent of the 
Norfolk Gault or of the Norfolk ChalU-marl. This question seems 
to find a decisive answer in the following considerations : — 

1. That the Norfolk Gault becomes increasingly calcareous towards 
the north, till at Dersingham it i)asses into 7 fet't of marly and 
chalky material, the lower ]Kn tion of ’which is coloured nnl. 

2. That th(^ microscopical striudnic of the Hunstanton rock boars 
the same relation to the red and yi'llow marls of J lershigham that 
the hard Chalk-marl of Norfolk do(*.s to the softer (Jhalk-marl of 
Cambridg(\shirt^ 

3. That the hard whitish limestone which overlies thi; re]>reson- 
tative of the Gault from Griiiiston to J)ersingliam is identical, in 
our o])inion, with the so-called “ sponge-bed ” which overlies the 
lied Hock at Hunstanton. 

4. That the fossils are chiefly Gault species, and aie such as 
would constitute a deep-sea. fauna coutempoi aneous wntli that of the 
shallower and muddier water in wdiich the Gault of South Ihigland 
was formed. 

From these premises we come to the inevitable conclusion that 
the Hcd Hock of Hunstanton must bo tin; ecjuivalent of the Gaidt, 
and not of its ui)])er division onl}', but that it is a coiidensed repre- 
sentative of both Lower and U])])er (hiult, formed outside the limits 
of the area reached by mud-bearing currents. 

Camhridijc Gre^msa/id. — It has been stated above that the transi- 
tion from Gaidt to Chalk-marl must be regard(‘d as the normal state 
of things in tlu^ counties of Hi‘dfojd, Hertford, Cambridge, Suffolk, 
and Norfolk. Now it is true that, over a large part of this an^a, 
there is no such transition, but, on the contrary, a X)lane of erosion 
between the two formations, and a nodule-bed at the base of the 
Chalk-marl, containing fossils and phosjdiates derived from the 
Gault. Hut this must be regarded as an abnormal condition of 
things ; as explained bj" one of us twelve years ago*, the Hertford 
and Cambridge area "W as part of a tract of the sea-bottom which was 
invaded by rapid currents, and over this tract a certain j)Ortion of 
the Gault was sifted and swcxit away. In the south of England the 
interval is represented by certain glauconitic sands and marls ; but in 
Norfolk there seems to have been simply an absence of deiiosition, 

♦ Jukes-Browne on “ The Relations of the Cambridge Gault and Greensand.” 
Quart. Journ. Geol. Soc. vol. xxxi. p. 256 el seq. 
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the interval being here marked by the sudden change from Gault to 
Chalk-marl, and from “ Ked Bock ” to white limestone. 

The diagram, fig. 6, is drawn with the view of illustrating the 
normal succession in the counties referred to, and the manner in 
which this is broken by the erosion of the upper part of the Gault 
over a certain space. From this it will be seen that we are pre- 
sented, as it were, with the two ends of the stratigraphical chain, 
and that, in the interval beween Totternhoe and Stoke Perry, the 
total thickness of the Gault has diminished from about 230 feet to 
60, the difference, 170 feet, being entirely the result of thinning- 
out. The additional information which has been obtained since the 
publication of the paper on The Belations of the Cambridge Gault 
and Greensand,” makes it now possible to estimate more accurately 
the width of the area over which erosion took place, and the 
maximum amount of the Gault w^hich was i*emoved from the central 
portion of this area. 

In the first place we must point out that, though there is a steady 
decrease in the total thickness of the Gault, yet between Tring and 
Hitchin there would appear to be an increase in the thickness of 
the Lower Gault from 150 to 204 feet, so that if the Upi)er Gault 
liad maintained the thickness it presents near Tring, namely, 80 
feet, the formation would have had a thickness of at least 284 feet 
near Hitchin a-nd Arlesey, There is, however, good reason to believe 
that the Upper Gault becomes rai>idly thiimcr as it is traced north- 
Avard, and c;ould never have boon more than 20 or 30 feet thick at 
Hitchin, so that the original thickness of the (iault tliere was pro- 
bably about the same as near Tring, though the relative thicknesses 
of the two subdivisions were different. 

North of Arlcsey the Lower Gault diminishes in thickness, and it 
is assumed that this is mainly due to the erosion it has undergone ; 
it is not improbable, however, that this diA’isioii attained its gr'eatest 
thickness at or near Arlescy, and that it thinjud northward as 
rapidly as it did and does to tlie soutliAv;: • . On this supi)osition it 
Avould have had a thickness of 150 feet at Cambridge, and to this 
must be added a certain thickness (say 20 feef) for the Upper 
Gault. 

The diagram, fig. 7, shows the actual surface of the Gault be- 
tween Oheddington (near Tring) and Dersingham in Norfolk, and 
the broken lines show what wa* suppose to have been the original 
surfaces of the Lower and U])p(‘r Gault respectively. Prom Arlesey 
to Cambridge these are draAvn in accordance with the inference that 
the Gault was originall}^ 170 ft^et thick at the latter place, and, as 
we believe that the Gault at 81oke Perry has not suffered from 
erosion, the diagram is easily com]>le ted by joining the lines between 
Cambridge and Stoke. It will he seen that the slope thus obtained 
agrees very nearly with that of the actual surface between Stoke 
and Bersingham. 

If the data on which this diagram is founded are correct, the 
maximum amount of Gault removed from any part of the eroded 
area appears to be 50 feet. The base of the Gault is drawn as a 



The shaded parts represent the remaining Upper Gault. 



’ig. lowing ihe altermtion of Qaalt and Lower Chalk between Oamhridge and Hunstanton, 

(Horizontal scale 8 miles to 1 inch.) 

MUdenball Stoke Ferry. Qayton. Dersin^^ham. Hunstan 
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horizontal line, but it would not make any difference to this calcula- 
tion if it were a curved one. It is quite possible that the Gault 
below Arlesey fills up a hollow in the surface of the Lower Green- 
sand, and that its upper surface is nearly level, but the thicknesses 
would of course remain the same. 

It might be said that the assumed thickness of the Gault at Cam- 
bridge (170 feet) is too great, and that the Lower Gault may have 
thinned out more rapidly northward of Arlesey than it does south- 
ward ; but we rejdy that on the other hand it may have continued 
to thicken for some distance north of Arlesey, for we have no real 
evid(Micc to the contrary. We think thiit, considering all the cir- 
cumstances, the IhickneHS wo have assigned is a reasonable one, and 
that the projection as shown in the diagram has a more natural 
ai)j)(airfince than if the original thickness at Cambridge wore taken 
to bo l(‘ss. 

A further inleixaiec^ may he drawn from this diagram, for if it is 
a fairly accurate representation of the facts, it Avill enable us to 
predicate the ]m)bahle limit of the Cambridge Greensand in a 
northerly dirc'ction. This will ho indicated by the point where the 
line re})reHcnting the original slope of the Gault meets the line 
representing its i)roscnt surface ; now the pjolongation of the 
pn'seiit slope north of Soham meets the line for tlie base of the 
XJpiKT Gault at a ])oint about seven miles south of Stoke FejTy, and 
hence it may be ex])ected that the Cambridge (Joprolite-bed will be 
found to e.\tcnd beneath tlie fens to this ]>oii)t, or at any rate for a 
distance of 1() miles beyond Soham. It is ])robahle that tlie number 
of derived nodidos and fossils diminished gradually to the north- 
ward, and that tht? ])od ]»assc.s gradually into the glauconitic marl of 
Stoke Ferry : aiid turllier, since wo found a derived phosphatic 
specimen of Avlcula (/n/pJutohiea in that marl, it is evident that 
Stoke cannot be far lawond the limits of the eroded area. 

Toiti r}}7io(> — I’he stratigrajdncal im])ortance of this band 

lies chi(‘fly in its afl’ording the means of fixing the upi)er limit of 
the Chalk-marl ; for if this stone had not been recognizable, it would 
have been very difiieult to draw any line between the Grey Chalk 
and the still harder chalk representing the Chalk-marl ; hut, as a 
consequence of tracing this stone through the west of Korfolk, we 
were able to recognize the horizon in the Hunstanton clifis, and 
thus to give a more satisfactory reading of that section than any 
which has hitherto been proposed. 

The Tottornhoc ^^tone partakes in the universal attenuation of 
.the Lower-Chalk strata in West Norfolk, diminishing from 20 feet 
at Burwell to 4 feet at Stoke Ferry, and 2 feet at Hunstanton, hut 
its lithological characters undergo very little alteration. 

Crny Chalh . — It is interesting to observe that the chalk over- 
Ijdiig the Totteriihoe Stone exhibits the same separation into a lower 
grey and an upper while portion that we have observed in this 
division elsewhere ; the characters of the upx^er white portion are, 
indeed, more distinctly marked than they are further south, the rock 
being so much harder than the underlying grey chalk that in old 



OP THE UPPER CRETACEOUS IN WEST SUFFOLK AND NORFOLK. 597 


pits it has a tendency to form an overhanging cornice. In thick- 
ness this part of the Lower Chalk diminishes from about 80 feet near 
Newmarket to about 35 feet near Hunstanton. 

Belemnite Marls . — The component strata of this zone are so i^er- 
sistent in the midland counties that we were not prepared to find 
such a difference in the Norfolk sections, and, in the absence of any 
exposiu'es between Snailwell and Whittington, we can only say that 
a great change takes place in the interval, and that this change is 
in harmony with those exhibited by the other beds. It consists in 
a diminution in the amount of the muddy ingredient, and this con- 
densation continues till, in the north of Norfolk, the marl}’ element 
is almost eliminated, so that in the absence of fossil evidence it 
becomes impossible to recognize the horizon. 

The jMdhimm llocl\ which forms the base of the zone of Jlhifn- 
vhoueUa Cvvieri and of the ]!!kIiddlo Challv, presents substantially the 
same characters as it possesses in the countit's of Cambridge and 
Hertford. It is evident that at this time deci)-sca conditions j)re- 
vailed over the whole ar(‘a, consecpieni- porhai)s upon an accele- 
ration in the rate of subsidence, so that a deposit of the same kind of 
sediment Avas form(‘d over a largt? area. 

In conclusion, avo Avonld point out that the total amount of diminu- 
tion in the thickness of the LoAver (Ihalk belAVcen Newmarket and 
Hunstanton is 115 feet, being the difference betAveen 170 feet at 
NtJAvmarket and 55 feet near Hunstanton. In R]>ite, however, of 
the reduced thickness of the IvOAver Chalk in West Norfolk, we 
ha\*e found that its zonal di\ isions can be brought into harmony 
with those Avhich have beem established in the midland and southern 
counties. 

This having been done, av(; now ])ossosh a surer basis for th(i 
study of the Loaatt Chalk of Lincolnshire, which is knoAvn to be 
gcnerall}^ similar to that of AVest Norfolk. The Totternhoe Stone 
has not yet been identified in the northern counties, but the Hun- 
stanton section shoATs that its attenuated representative may still be 
found in Lincolnshire, since the Lower Chalk is certainly somcAvhat 
thicker than it is near Hunstanton. 

Hjscussion. 

The President remarked on the difficulty of correlating a series 
of beds Avhich have become greatly attenuated and meet together. 
Ho also commented on the difference of opinion as to the palaeonto- 
logical evidence where the fauna is elscAvhcre so largely develox>cd. 
There was a difference as to geological position, though general 
agreement as to thinning. 

Mr. E. T. Newton acknowledged how much the Society was in- 
debted to the Authors. He was not acquainted with the district in 
question, but had at different times been consulted by both Mr. Hill 
and Mr. Clement iteid. Unfortunately circumstances had prevented 
those gentlemen from meeting to discuss this question, although 
^ey were desirous of doing so. With regard to the fossils collected 
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by Mr. Reid at West Dereham, the greater part were phosphatized, 
and might have been derived ; but the few which evidently belonged 
to the bed were thought to indicate Chalk-marl rather than Gault. 
Pragments of large Inocerami were such as occur in the Chalk, 
The correlation, by the Authors, of the Hunstanton Red Chalk with 
the Gault, if proved, was of great interest. 

Hr. Hinde also spoke in verification of the Authors’ work. 

Mr. Hudleston regretted the length of time which had elapsed 
since he had entertained any of these questions, but the paper was 
calculated to arouse the old interest. He had always thought that 
the fossil contents of the Hunstanton red rock pointed most clearly 
to its being, in the main, on the horizon of the Upper Gault. These 
wore, in the main, Mr. Wiltshire’s original views, and the objections 
arising from lithological differences had been surmounted years ago. 
Conseipieutly it was with the utmost surprise that he had read from 
time to time the several interj)retations which had been put forth. 
In tlie present i)apcr it would seem that the Autliors claimed that 
the Hunstanton red rock rcq>resented the whole of the Gault. Cer- 
tainly' the occurrence of Amni. intemtjyfus in the chalky- Gault a 
very few miles south of Hunstanton was in favour of this view, but 
he should like to know of its occurronco at Hunstiinton. The attenu- 
ation of the various beds so carefully traced out by' the Authors, 
besides tending to throw' much light on the basal Upper Ci'etaceous 
in Lincolnshire, w ould ultimately exjilain ^^dlat bad hitherto been 
regarded as an anomaly in tlie Chalk of Yorksbiro. 

Mr. Teall bad not studied the subject since lie Avrote his essay 
on the 1‘otton aud Wicken pliospbatic deposits. Ho was pleased to 
find that there wos good reason to believe that ho had not made a 
mistake in recording the occurrence of Gault in West Dereham. The 
section avjis well exposed when he examined it, and he satisfied 
himself that the pliosphatic nodules were, to some i xtejit, at least, 
indigenous to the deposit in w hich they* were found. 

Mr. J ukes-Reow'X’E, in rejdy', alluded to llio difi'orences of opinion 
expressed by his colleagues on the Suiwoy, and, as ]\lr. Aew’ton had 
said, they had not yet met with a view' to coming to an agreement, 
but he believed that it Avould be found that the Avork done in 
Horfolk would have much bearing ii])on the intorprotation in 
Lincolnshire and Y'orkshire. Mr. Reid had gircu up his reliance 
on the stratigraphy'. The presence of Amm. interrujitifs in the 
base of the Marl at West Deieham was a fact that could not bo got 
over. The presence of a nodule- bed did not necessitate any great 
break in the sequence ; it merely represented the residual w^ashiugs 
of a certain amount of sediment. Their pajw was a confirmation of 
Mr. Wiltshire's conclusions, and that author had himself heard of a 
rod bed overlain by grey clay near Elitcham. The Hunstanton 
specimen of Amm. interruptm ought to be in the Woodwardian 
Museum, He would remark that Aynm. rostratus was not confined 
to the Upper Gault, but was common in the Lower Gault of Bucking- 
hamshire, where there was a mixture of Upper and Low'er Gault 
forms of Ammonites. 
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40. On Geooves and Quaktzite Boulders in the Boger Mine at 
Dokinfieid. By James Badcliffe, Esq., E.G.S. (Bead 
Marcli 23, 1887.) 

The Boger Mine, sliown on Ordnance sheet no. 105, six-inch scale, 
of Ashton-nndcr-Lyne and Biikinfield, is extensively^ worked at 
Denton, Dnkinfield, Ashton-under-Lyne, and in the neighbourhood 
of Oldham. 

At Bukinfield coal is being worked at a depth of five hundred and 
fifty yards, and averages about four feet in thickness. Quartzite 
boulders have from time to time been found in this mine, and have 
been noticed on various occasions in communications to the Man- 
chester Geological Society, in vols. xiii. and xiv. of their Transac- 
tions. 

The groovings and boulders are not found in any mine or strata 
in this neighbourhood, except ii] what is known as the linger Mine, 
which lies Jiear the top of the middle series of the Manchester 
coalfield. But occasionally (piart/ite pebbles have been found by 
Mr. G, Wild, of Bardsley, in the Arley and Bomfret Minevs. The 
siTiglo groovings vary in depth from a few inches to eigbtiH?n inches, 
and in width from one foot to three feet. Occnsionally st^veral of 
these grooves run clost‘. together, and then widen out into one broad 
“ scour, ’’or groove, of fifteen or oven eight eiui feet widcj, as it the 
base of a large moving body had come in contact with the upper 
surface of the coal-bed. These grooves have been t raced at intervals 
over a distanciu)f from five to six hundred yards in length, and from 
fifty to sixty yartls in width. 

The Boger-Mine seam of coal is eomjK>s('d of three divisions : — 
the “ ujiptT,” a soft, bright, free-burjiiug cotal ; tlie “middle,” or 
“ bony-band,” a hard, dull, stony-looking coal; the “lower,” or 
bottom bed, a diill-Jooking coal wdtli two ])artings. The dip of the 
measures is west, and has an inclination of 18 dcgr(‘cs. The 
mean li?jc of bearing of the grooves is S. 50° E. ; lino of fault-slips 
&c. is S. 2(3° W. Tlu^ line of the grooves is not connected with, 
nor is it nearly ])a railed to, any fault or fa.ull/-sli[)s. Tliore^ are no 
faults or dislocations of the strata for a considerable distance from 
where these groove's are se*en. Ke.) fossil trees or specimens of 
Sti(jmari(t JictmUis are found with the hemldtirs, or in the; immeeliate 
neighhourhe)od e)f the gre^oves. The cleavage.' of the coal is about 
8. 15° E. 

All the fault-slips, joints, &c. come upw^ards through the floor 
beneath the coal, through the coal, and into the roof overlying the 
coal, which is not the case with the grooves ; those are not seen in 
the floor, nor do they ever reach the bottom of the coal ; they rarely 
extend to the middle coal, the “ bony-hand ” being undisturbed 
except in tw^o cases 1 noticed : one in the form of an undulating 
ridge in the “ bony-band ” on one side of the groove, as if caused by 
pressure from the centre of the groove, which, being in the upper 
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part of the seam only, the cause must have been from above, and not 
from below ; the groove could not be made from below without 
affecting the strat a below the coal, and the coal in which the groove 
is made. In the case of oiir faults &c., the cause is from below, for 
we often find them in a lower seam, and entirely absent from the 
upper ones. 

In the cross-sections of the grooves are seen lajers of the same 
kind of shale, varying in colour exactly the same as on each side 
where the coal-seam is intact ; these layers incif'ase in thickness at 
the lower j)art of the- groove, and gradually lessen in thickness as 
they near the top of tlui groove, until th(?y become parallel to the 
layers in the strata on each side of the groove, the sides of which 
are raised up a little, as if t hey had been pressed by the passage of a 
body along the groove. Wliere the sides are so pressed the “ bord ” 
or “ cleat ’’ of tlie coal is di'stroyed, and often a mixture of coal and 
eartliy matter is preseTit.. The gro(»vings always commence with a 
narrow “ scour ” or small groove, then increase in breadth and depth, 
and afterwards thin entirely out. 


Fig. 1, — Pl((n of the Hoger Mvne^ Dul 'nijidd. 
(Scale 100 yards to 1 inch.) 



On the plan (fig. 1) is shown the position in which several of 
these boulders were found. 

One of the boulders exhibited, with the block of coal upon which 
it lay, showed that the upper side of this block of coal is inferior 
in quality, a commoii occurrence immediately round about the 
boulders ; the coal under the boulder shows a considerable amount 
of compression. 



QXTABTZITE BOULDERS IN THE ROGER MINE AT DUKINPIELD. t5Ul 

The roof in which these boulders are partly imbedded (part in 
roof and part in coal) consists of a grey shale, of an argillaceous 
character, with dark shades of carbonaceous shale forming layers 
varying in colour and from three to four feet in thickness up to a 
black parting, above which is a light-grey shalo with rock binds; the 
floor upon which the Roger coal rests is an inferior flr e-clay mixed 
with bands of coaly matter. 

Figs. 2-5 . — Boulders in Coal^ in the lioncr Mine, 








а. Metal with rock-bands. 

б. Coal. 


c. Soft holing dirt. 

d. Inferior fire-clay. 


The boulders are coal -blackened only as far as they are buried 
in the coal, and appear to have been dropped quietly on to a soft 
bottom ; in one instance the boulder stood edgeway up, not flat 
down SiS the others were. 

The sectional sketches (figs. 2—5) show the positions the boulders 
occupied in the measures in which they were found, they being 
foreign to the surrounding strata, much harder, different in form 
and structure. 

No. 2 boulder (fig. 2) found imbedded in the coal, the upper edge 
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flattened, and level with the top of the coal-seam ; it is 
rough, angular, and pitted with holes from three eighths 
to three quarters of an inch in depth, on its sides and 
end. 

Ko. 3 boulder (fig, 3) found on the top of the coal-seam, but only 
partly imbedded in the coal, the other part in the roof, the 
layers of which were parallel on each side of the boulder ; 
the top and one side flattened, subaiigular, the carbonaceous 
coating mixed with iron pyrites. 

N'o. 4 boulder (fig. 4), very smooth and round, found entirely 
covered by the coal, the top of the boulder being six inches 
below the top of the coal ; where this ocicurs the coal cover- 
ing the boulder is of an inferior character and shal}^ often 
mixed with thin partings of dirt and shale. 

No. 6 boulder (fig. 5) found resting on the coal-seam, a little 
imbedded, find partly surrounded by coal-shale, and covered 
with the roof, same in kind as the surrounding strata ; sur- 
face smooth. 

For the following details of the mineral com])osition of these 
boulders, I am indebted to tlie kindness of Professor Bonney, F.R.S. 

No. 1 boulder wtdghs one hurjdred and sixty-six pounds, and is 
"‘a quartzite, grains iriosily angular, some subangiilar, a few mode- 
rately rounded, inaxinium about but i he inajorily about half 

the size ; occasional small graii\s of chaleedovne aspect, such as 
might come from a vtuy minutely granular quarizite, a V(‘iTJ, or a 
fine-grained scliist. There are besides soma small 0 ])aque grains, 
pTohahly iron-oxido, a few of a. mineral resembling a i‘ath(‘i“ dirty 
epidote, and two or three of tourmaline, with some flakes of white 
mica, and perbaps a little felspar.” 

No. 2 boulder weighs om^ hundred pounds. ‘■‘■A hard quartzose 
grit, composed of fragments much about the same size and .shape as 
in the last; but in these- tb(*re is a larger pro])ortion of the chalce- 
donic quartz, which soinetimi's strongly suggests a derivation from 
a veiy fine-grained schist-. Then' is also a considerable number of 
brown earthy-looking grains ; these may be decomposed felspar, but 
many of them have much luort* the ajijieai nnei’ of a decomposed dc- 
vitrified rhyolit e, tliough not of a very acid t yiie; some may be com- 
pact argillites. The evidence as to the nature of these is hardly 
conclusive. The slide contains a very few flakes of mica, and a 
grain or two of eqiidote, hornblende (?), and tourmaline, but fewer 
than in the last ease.” 

No. 3 boulder weighs four pounds. “ A fine-grained grit formed 
of fragments commencing about *005" in diameter; angular in 
shape, consisting of quartz, a fclspathic substance (as to the exact 
nature of which it is difficult to pronounce), about equal in quantity 
to the quartz. There are flakes of mica, green-coloured and white, 
granules of iron-oxide, and, as before, one or two grains, probably 
epidote and tourmaline.” 

No. 4 boulder weighs twelve pounds. “ A rock very similar to 
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ITo. 1, but perhaps with a shade more earthy matter among the 
granules of quartz. We find the same adventitious minerals.’^ 

No. 5 boiilder weighs five pounds. “ A grit somewhat resem- 
bling No. 2, or intermediate in character between it and No. 3. 
Fragments rather distinctly angular. I recognize some felspar by 
its plagioclastic twinning, but a good many of the grains suggest 
either an argillite or a decomposed rhyolitic rock. There are gran- 
ules and specks of iron-oxide, two or three grains of tourmaline, and 
a few flakes of mica.” 

No. 6 boulder weighs thirty-one pounds. “A quartz-grit, rather 
ferrite-stained ; grains rather variable in size and shape, the larger 
and rarer about *025" diameter. The quartz, besides minute cavities, 
contains occasional belonites, rutile (?) ; one or two grains are cbalce- 
donic. There are also grains of iron -oxide, epidote and tourmaline 
(rare), and flakes of mica and, as before, a few fragments of de- 
composed felspar (?). 

“ In more than one of those specimens secondary quartz can be 
seen, deposited in crystalline continuity with the original fragments. 
Nos. 1 and 4, especial])', bear a v(‘ry close res(*mblance to the rock 
of a quartzilo pebble found by Mr. (hesley in a coal-seam in Leices- 
tershire, and to that of a large pebbhi taken out of the thirteenth 
coal at the Cannock-Chase Colliery near Kugeley. 

“These quartzit(\s present considerable resfunblance to the rocks 
of some of the x)ebbles in the Bunter conglomerate of the midland 
comities, in which occasional grains of tourmaline, and of the mineral, 
which I have identified as jjrohahly epidote, may ho found. 

“ They also reseinhlc some of the (piartziti's in tluj Ix)ch-Maree 
district, in Avhich also these two minerals may be detected.” 


Discussion. 

Mr. W, W. Smyth said the occurrence of the boulders Avas an in- 
teresting phenomenon, on account of the ahseiice of pebbles generally 
throughout the Coal-measures alnn'e the ^lillstone Grit. Only now 
and then, throughout the enormous area of coal daily raised, some of 
those boulders were unearthed. The boulders are worn on the 
surface?, polished and sometimes striated. He had s<?en, in <!ompany 
with the late Mr. Binney, a number of th(‘so boulders, some with a 
coating of coal, others jiartly coated with a film of iron jiyrites, just 
like some slickenside surfaces. One popular ex])lanation was that these 
boulders were meteorites, an ntterl)?^ untenable supposition. He had 
never seen one of these boulders actually imbedded. The whole 
subject 80 tar appeared to be ver^' obscure. 

Prof. Boyd Daavkins said such boulders were far from uncommon 
in parts of Lancashire, and all a^ipcar to be of a very similar quartzite 
to the specimens exhibited. The grooves were not necessarily con- 
nected with the boulders. The upper surface of a coal-seam was 
generally uneven, and often showed denudation by water. He had 
seen remarkable markings made apparently by snags. He was 
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inclined to think that the boulders came from some of the Pre-Car- 
boniferous conglomerates in the north of England and Scotland. 
These boulders may have been transported to their present position 
by roots of trees. 

Mr. liLANFORD suggested that the grooves might have been caused 
by floods at the time when the beds were being deposited. He 
had seen similar excavations in plains over which water had passed. 
He also noticed how rapidly evidence of glacial action in Car- 
boniferous times is accumulating in various parts of the world. 

Prof. Boitney pointed out that boulders were sometimes imbedded 
in the coal, and did not always project above the seam. 
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41, On Chohdeostetjs acipbnseboidbs, Agassiz, 

By James W. Davts, Esq., r.L.S., &c. (Read March 9, 1887.) 

[Platb XXIII.] 

Two species of Chondrosteus have been described by Sir Philip 
Egerton, viz. Chondrosteus acipenseroidcs and C. crassior. Both 
were obtained from the Lias of Lyme Regis. The former species 
was known to Louis Agassiz, who named, but did not de- 
scribe it (‘ Poissons Fossiles,’ vol. ii. part 2, p. 280). In 1858 
Egerton communicated a paper to the Royal Society (Phil. Trans, 
vol. xlviii. p. 871) on Chondrosteus, in which he described a number 
of specimens, which he referred to the species named by Agassiz and 
to the second one named above. The specimen which afforded the 
most perfect description was in a slab of indurated shale. A part 
of the head and the tail were missing ; the length of the parts 
preserved 'was 15 inches, and the total length of the fish was esti- 
mated at 24 inches. This, together with examples of the head of 
C. acipenser aides, and a head and a good example of the tail of 
O. crassior, afforded a large amount of detailed information, on which 
Sir Philip Egerton was enabled to base the descrij)tion and the deter- 
mination of the genus. The characters of the sjiecics are indicated 
as follows (?oc. cit, p. 883) : — “ The numerous specimens derived from 
smaller individuals present indications of two species, one having 
the bones of the head thin and smooth, the other being characterized 
by stronger cranial plates, having a granulated exterior. The anal 
fins of the latter are more massive, and have the transverse articu- 
lations at shorter intervals. I proi)ose to retain the Agassizian 
name Chondrosteus a eipe user aides for the former, and to designate 
the latter as Chondrosteus crassior*^ In addition to these, mention 
is also made of a third species, C. pachyurus, a large fish, estimated 
at 5 feet in length ; only fragments were known, the tail being most 
perfectly ijreserved. Of the tail, the most remarkable character is 
“ the excessive development of the scales bordering the upper margin. 
The size and solidity of these scales is such that they more resemble 
the broad teeth of an Acrodus than any dermal development with 
which I am acquainted.” The length of the tail is about 18 inches. 

Examples of the fossil fishes of the genus Chond rostexfs, Agass., are 
not unfrequently found in the Lias shales of Lyme Regis ; but it rarely 
happens that a specimen is found so well preserved as the one it is 
now proposed to describe (PI. XXllI.). The head (with the excep- 
tion of the snout), the trunk, and the tail are exceptionally complete, 
and during fossilization have maintained their proper relative 
position. The bones remaining in their natural position afford 
evidence, which has not hitherto been available, of the exact size 
and relative proportions of the fish ; and, what is of equal or still 
greater importance, in addition to the osseous structure of the head 
and that of the tail, a considerable portion of the elements of the 
vertebral column is preserved. The dorsal and pectoral fins are 
a J.G.S. No. 171. 2 a 
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present, and the ventrals are represented by a mass of bony ray 
broken and fragmentary, but indicating clearly the position of the 
fins. The anal fin is wanting in this specimen. The length of the 
fish, from the tip of the upper lobe of the tail to the anterior extremity 
of the head, so far as preserved, is 44 inches. Of this length, the tail 
occupies 12 inches ; and the head, from the posterior margin of the 
scapular arch to the anterior extremity of the mandible, is 9*2 inches. 
The height of the posterior part of the head is 9 inches. The body 
behind the head decreases rapidly in size ; between the dorsal sur- 
face and the pectoral fin there is 7*5 inches. At the anterior base of 
the dorsal fin, ten inches further back, the depth has decreased to 
5*5 inches, and this is reduced at the tail to 2*5 inches. The ex- 
pansion of the caudal fin is very rapid, the extremities of the lobes 
being 13 inches apart. The single dorsal fin is separated from the 
occiput hy a distance of 11*5 inches; its base extends 6*5 inches, 
and its posterior extremity is 5*5 inches from the base of the caudal 
fin. The ventral fin is opposite to the posterior part of the dorsal ; 
its anterior rays arc separated from ilie anterior rays of the pectoral 
fin by a distance of 33 inches, and from tlie base of the tail by 
about 7 inches. Its base was between 4 and 5 inches in extent. 

The head in this specimen is proportionately larger and deeper 
than the body of the fish. This comj)arative largeness is due, to 
some extent, to tlio efii^ots of lateral ])ressuro during fossilization, 
by which the skull has been squeezed fiat on its side. The cranial 
bones, which covert'd the surface of the crown, are pressed into a 
lateral position, dividing down each side from the median suture. 
The facial and maxillary, the hyoid and branchial elements are also 
pushed considerably fj'om their proper ]>osition, though they still 
maintain their relative ])ositioiis with regard to each other. 

The head, as prest'rved in this specimen, has an almost circular 
outline, with a diameter of about 9*0 inches (see diagram, p. 607). 
The anterior termination of the snout is absent, and no evidence is 
afforded as to tlie length to which it may liavo extended forward, 
this part of the specimen having been most unfortunately broken and 
lost during its extraction from the matrix. 

The cranium was protected hy dermal bones or scutes. The 
upper surface was enveloped by largo ]>lates, which extended down- 
wards so as to encircle the orbit, and the postero-lateral surfaces 
were covered by a large exjmnsion of the opercular apparatus. The 
anterior portion of the head beneath the orbit does not exhibit any 
traces of external defence. In this respect the fossil C?iondrostcu8 
.differs materially from the existing Sturgeons, in which the whole 
of the superior surface of the head is enveloped in osseous plates. 
The opercular apparatus is huge and well developed ; its posterior 
margin rests on the depressed anterior surface of the scapular arch. 
The operculum (28 *) is 3-5 inches in height and 3*0 inches in 
breadth ; its anterior margin is somewhat angular, and the inferior 
one forms a concavity fitting to the upi^er convex margin of the 

* The nimibers tlius given in bracket® are tliose employed by Sir Bicbard 
Owen to indicate tbe bones of the bead. 
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suboperculum (32). The latter is 2*0 inches in breadth and 1*0 inch 
in depth, ovoid in outline, with an acute angle behind and an obtuse 


Diagram of the Bones of ihs Head of Chondrosteus aciponseroidea 
(One third natural size.) 



pf, postfrontal. sc, scapular. ht, hypotympame. 

fr, frontal. op, operculum. mt, mesotympanio. 

pa, parietal. c, coracoid. mx, maxilla. 

ma, mastoid. sop, suboperciilum. nid, mandible. 

80, supraoccipital. r, radius. p, palatine. 

ex, exoccipital or petrosal. u, ulna. as, alispbenoid. 

88, suprascapular. br, branchiostegal presphenoid. 

hm, hyomandibular. rays. «o, infraorbital. 

bsy basisphenoid. ch, ceratohyal. o. Orbit. 

one in front. The external surfaces of the opercular bones Ure rudely 
punctate, and exhibit a series of lines or strhe radiating from the 
upper anterior surface towards the margin. To the lower concave 
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^terior margin of the operculum there was, probably, attached an 
mter-operculum ; but though its place appears to be indicated, there 
is no trace of the bone remaining. 

The frontals, postfrontals, parietals, mastoid, and some of the 
occipital bones are present. There is indication of an extension of 
the frontals on a portion of the matrix, which extends about an inch 
forward from that part of the dermal bones actually preserved. 
All the bones are united by sutures. The frontals are 2*5 inches 
in length and 1*0 inch in breadth ; the}^ are broadest posteriorly, 
where they join the parietals and mastoid. Attached to the inferior 
margin of the frontal is the postfrontal (sphenotic of Parker), 
shorter than the frontal, and extending downwards so as to embrace 
the upper margin of the orbit; its posterior margin articulates 
with the mastoid. The mastoid is a large plate, with a length of 
3*0 inches : it is 1*3 inch in wddth near the posterior extremity, 
diminishing forward to 1*0 inch. The centre of the plate is 
considerably raised and forms a ridge ; from this the -surface 
declines to the extremities, which are much thinner and are jagged 
and uneven where attached to the neighbouring plates. The 
external surface of the mastoid is coarsely striated or ridged. The 
ridges radiate, for the most part, from the centre towards the 
margin ; the surface of the ridges is covered by strips of ganoine, 
apparently thin, and not extending to the base of the intermediate 
striations. The parietal plates are equal in size to the frontals ; 
they are rhomboidal in outline, roughly striated on the surface, 
the stria) radiating from a slight eh'vation of the median portion. 
Connected with the posterior margin of the parietal j>late there 
is a long and narrow bone. It extends backwards 3*0 inches, 
and is 0*5 inch in width. It presents the appearance of being 
a lateral bone, having a comi>lemeiitary one on the opposite 
side of the head, to wdiich it is aiichylosecl or joined by suture. 
In the recent Sturgeon a single median bone terminates the 
cranial covering, and is succeeded )>y the closely-imbricating series 
of scutes, which extend along the dorsal surface of the body. In 
the fossil there is no evidence of such a series of dermal scutes, 
and this posterior portion of the dermal covering of the cranium is 
proportionately much elongated ; the lateral surfaces of the com- 
bined plates are produced along the median line, and form a raised 
and acutely angular ridge. The posterior surface of the plate is 
covered with coarse pustulations of enamel ; its anterior portion 
envelopes, and apparently affords attachment to, the upper extremity 
of the suprascapular. The bones occupy the position, and are pro- 
bably the equivalents, of the supraoccipital (8). Another hone, 
thin and widely expanded, whose posterior margin is overlain by 
the suprascapu]jpir, whilst its anterior one lies hidden by the dermal 
bones of the postorbital region of the skull, from its position * 
must represent either the exoccipital or the petrosal portion of 
the base of the cranium, and may have been connected with the 
basisphenoid by cartilage when living, though now separated by a 
distance of 0*25 inch. 
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The orbit is oval, 1*2 inch from back to front, and 0*75 inch in 
height. Its upper margin is bounded by the postfrontal (sphenotio) 
bone, to the lower anterior extremity of which there is attached a 
long and narrow bone (100), which bounds the orbit anteriorly and 
separates it from the nasal orifice. The anteorbital region of the head 
is, for the most part, lost. Sufficient indication of the arrangement 
of the bones composing that part is left to show that the nostril was 
large, and was, in its turn, surrounded by osseous structures forming 
the anterior termination of the snout ; unfortunately the extent to 
which the latter projected cannot be ascertained, but a comparison 
of the bones composing tlie skull of the fossil with those of recent 
species appears to indicate a short rather than a long snout. The 
infraorbital margin is occupied by a bone, or series of bones, it is 
not easy to determine which, extending backwards from the lower 
part of the one already mentioned as dividing the orbit from the 
nasal cavity beneath the orbit, forming a semicircular ring, and 
joining the nnder surface of the cranium at the point where the 
postfrontal is attached to the squamosal or mastoid. 

The base of the skull is formed by bones more completely ossified 
than in the existing species of Sturgeons, and forming the roof of the 
branchial, as well as the buccal cavity. The posterior portion of the 
basisphenoid (6) extends posteriorly considerably beyond the point 
of attachment of the snprascapula (post-temporal). It is broadly 
expanded, thin, and fibrous in structure. Its extension forwards is 
hidden for some distance by the epitympanic (hyomandibular), 
beyond which it can be again traced, extending beneath the orbit 
and the nasal cavity. Lateral expansions of the bone appear 
beneath the suture joining the mastoid with the frontal, and, in 
all probability, represent the alispheuoid (prooticum) ; while the 
extension further forward may represent the jjresphenoid or vomerine 
portion of the roof of the mouth. 

The posterior margin of the head is formed by the scapular arch, 
which extends in the form of a semicircle from the occipital region 
of the skull, giving attachment to the pectoral fin, and extending 
as far forward as the anterior margin of the operculum. The 
upper portion of the arch is formed by the suprascapular (post- 
temporal, 46), extending from the base of the skull 2’5 inches ; it 
is long and narrow, thick posteriorly, and convex in outline ; 
anteriorly, the bon© is thinner and slightly expanded towards its 
lower extremity. Attached to the suprascapula is the second bone 
of the series, the scapular (supraclavicula, 47) ; it is 3-0 inches in 
length, thick and strong, slightly over 1-0 inch in breadth in the 
upper ‘part, hut becoming narrower towards its lower extremity, 
lie anterior portion of this element of the arch, like that of the 
suprascapular, is comparatively thin and aliform. ^ The coracoid 
(elavicula, 48) is a large bone, extending beneath ‘the scapula at 
its upper extremity, and curving downwards anteriorly beneath the 
opercular apparatus, by which it is, to a large extent, enveloped. 
It is thick and rounded, affording a strong support to the laige 
pectoral fin. Its exact form is hidden by the overlapping operculum^ 
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and the inner extent of the bone cannot be distinguished. Between 
the coracoid and the pectoral fin there are two bones connecting 
them together. The anterior one, 0*7 inch in breadth and 0*25 in 
length, is rounded in front, where it affords a substantial support to 
the large anterior ray of the pectoral fin ; behind it is somewhat 
attenuated. The second intermediate bone extends from the pos- 
terior extremity of the one described to the termination of the base 
^ the fin, and is nearly 2*0 inches in extent ; to it are attached 
the bases of the remaining rays of the pectoral fin. The two bones 
^obably represent the radius and ulna of Owen (coracoid and 
ili^j^nla of Parker and Huxley). Sir PhiHp Egerton*, in his de- 
Ifeription of the genus OAondrosteus, states that the elements of the 
bony girdle encircling the thoracic i^ion, which in recent Sturgeom 
are three in number, in the fossil genus are reduced to two, by the 
coalescence of the scapula and the coracoid. “ The external portion 
[of the combined soapulo-ooracoid] is crescentic, the concavity being 
anterior for the reception of the opercular flap. At the point of 
attachment of the pectoral fin the bone is thick and rounded ; the 
upper or scapular portion expands gradually into a triangular 
plate, thinning off towards the upper extremity for adjustment with 
the suprascapular bone ; the lower or coracoid portion also expands 
as it descends, sweeping under the thorax, and meeting the corre- 
sponding bone of the opposite side on the median line. . . . Anteriorly, 
each Bcapulo-coracoid expands into a broad concave plate, directed 
inwards and forming the platform of the branchial cavity, and 
partitioning it off from the thoracic cavity.” In the specimen now 
described the great lateral and anterior expansions do not appear 
to be developed as in the specimens described by Sir P. Egerton ; 
and the scapula and coracoid are separated, the two overlapping 
midway between the attachment of the pectoral fin and the junction 
with the suprascapular. The small bones connecting the scapular 
arch with the pectoral fin in the s 2 >ecies already referred to are said 
to be a series of strong metacarpal bone^ , of which those supporting 
the hinder rays are longest. A reference to the plate (op. cit, Ixix. 
67) on which these bones are represented will show that the meta- 
carpals are not similar to the bones existing in this specimen, de- 
scribed as equivalent to the ulna and radius ; they have the appear- 
ance of being merely fragments of the rays of the pectoral fin which 
have become detached. This pectoral fin is large and comprises 42 
rays. The anterior ray is spinous, thick, with expanded base for 
attachment ; it gradually tapers to a point, terminating 2*5 inches 
firom the base. The succeeding rays are the longest. In this specimen 
there is preserved d length of 4*25 inches, but the distal extremities 
are imperfect, and at least one inch more would be required to com- 
plete the length of the fin-rays. The base of the fin nearly 
approaches 3*0 inches in length, and the fin-rays gradually diminish 
backward ; the posterior rays are not more than half the length of 
the anterior ones. The rays increase, towards the distal end, by 

^ ** Chondrosteus^ an extinct Genus of the Sturionidse found in the Xias 
formation at Xyme>Begis,"* Phil. Trans, rol, cxlviii. 1858, p. 871. 
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bifurcation. A keel extends along the lateral surface of each ray, 
and a line of pustulations extends along the median surface of the 
keel. The anterior ray or spine is quite smooth. The fin is 
capable of wide expansion ; as preserved, the breadth of the outer 
margin of the fin is equal to the length of the anterior rays. The 
pectoral fins in this species approach the existing forms in possessing 
a strong, spinous anterior ray, and, to the same extent, seem to 
differ from the fossil forms described by Sir Philip Egerton from 
the same locality. 

The tympanic arch or suspensorium consists of three parts, each of 
which is represented by a tolerably complete ossification, and together 
they connect the cranial bones with the mandible. The epitympanie 
or hyoman^bular (23) is the most prominent bone of the series : it 
is 3*3 inches in length, the articular surface is 1*2 inch across f it is 
contracted in the middle, and expands again at its lower extremity to 
slightly under one inch in breadth. The bone is thick and strong, and 
has a solid fibrous appearance. Its upper extremity has a double 
surface for articulation, and was connected with the mastoid, and 
probably with the postfrontal bone, though the connexion is not 
quite so clear as that with the mastoid in this specimen. The 
lower extremity is rounded and thinner than the upper; to it is 
attached a smaller jdate, the mesotympanic or symplectio (31) ; 
the latter is partially covered by the operculum posteriorly. Its 
exposed surface is 0*8 inch across ; its lower extremity affords 
attachment to the hypotympanic or quadrate (26), an ossification of 
considerable size supporting the posterior extremity of the man- 
dible. Its form is not readily distinguishable. Its posterior margin 
is covered by the operculum ; anteriorly its extent is lost amidst 
several smaller bones which may pertain to the hyoid apparatus. 

The hycid apparatus is mostly hidden by the bones of the tym- 
panum and the operculum. Between the suboperculum and the 
mandible, a distance of 2 or 3 inches, the ceratobyal (38) may 
be distinguished, with six short bones attached to it, the latter 
evidently bearing some relation to the hranchiostcgal rays (43) ; the 
posterior ray is one inch in length, those succeeding are shorter, 
and they also diminish in thickness. The anterior bones of the 
hyoid arch are obscure. In a cavity above the ceratobyal, bounded 
by the posterior part of the lower jaw and the hypotympanic, three 
bones are exhibited ; the exposed parts arc 0*2 inch in thickness 
at the anterior end, decreasing backwards as they sink beneath 
the superincumbent bones. These osseous rods represent some part 
of the branchial apparatus, probably the basal portion of the 
ceratobrancbials. 

The mandibles and the maxillaries in this si)ecie8 are large and well 
ossified ; in this respect differing considerably from the existing species. 
There is no evidence of teeth, and the inference naturally arises 
that the fossil, like its recent representatives, was devoid of teeth. 
The mandible (34) is 4*5 inches in length, to the extent preserved ; 
but it is probable that a little more must be added, because the bone 
ends abruptly ; its anterior termination is wanting. The external 
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Exuface of the jaw is strong and rotinded, 0*5 inch in diameter. 
Posteriorly it becomes thinner and assumes an expanded form ; the 
ioferior margin is also rounded, whilst the superior extremity is 
produced to form a styliform process extending backward quite 
half an inch. It was probably by this process that the man- 
dibular bone was connected with the quadrate or hypotympanic, 
with which it is in close proximity. The part preserved may 
be equivalent to the dentary element in the lower jaw of the 
Teleosteans ; and the posterior articular portion which connected 
the jaw with the hypotympanic, in this specimen defective, 
may have been mostly cartilaginous, with a thin osseous struc- 
ture, of which there is a trace extending over the ceratobran- 
chials. The maxillary bone (18) is large and crescentic in outline ; 
its anterior portion, like that of the mandible, is thicker and 
stronger than the posterior. It commences in front in connexion 
with the premaxillary ; the upper margin of the former is overlain 
by the lower portion of the latter. The total length of the maxilla, 
allowing for its curvature, is 4*5 inches ; its height at the anterior 
part is 0*5 inch. The upper surface is deeply concave, the lower 
one angular ; the depth at 2*0 inches from the anterior extremity is 
increased to 1*0 inch ; thence it decreases towards the upper 
posterior extremity to 0*35 inch about half an inch from the end. 
The latter again expands and is more or less rounded. 

The posterior expansion of a largo bone midway between the 
orbit and the maxilla is the palatine (22). It is 1*8 inch in 
breadth, the length of the part preserved is 2*0 inches. It has 
a fibrous structure radiating from the anterior extremity of the 
broken bone. Its posterior margin is rounded, the anterior part 
is constricted to 1*0 inch in breadth. The remaining part of the 
bone has disappeared with the whole of the anterior extremity of 
the head, by the loss of a portion of the slab on which the fossil is 
exposed. The posterior margin of the palatine is in close contact 
with the tympanic elements and with the posterior extremity 
of the upper jaw. Between the palatine and the epitympanic bone 
there are a few small bones or fragments, of an indefinite character, 
which cannot be localized with any amount of certainty. 

Osseous neurapophyses are preserved in the anterior portion 
of the body. There is no trace of the vertebral column nor 
of ribs or hromapophyses, except in the caudal fin, where haemapo- 
physes support the lower lobe, as will be mentioned hereafter. 
The neurapophyses extend from the occipital region of the skull, 
situated high in the body, to the base of the dorsal fin, a length of 
13*0 inches. In this length there are preserved 35 neurapophyses 
representing the same number of vertebrsB, The first ray of the 
dorsal fin is inserted above the 30th vertebra. The total number of 
vertebras comprised in the spinal column would in all probability be 
from 80 to 85. The anterior neurapophyses are 0*7 inch in length, 
divided at the base for the passage of the spinal cord, somewhat 
constricted meaially, and expanded at the upper extremity to afford 
attachment to a second series of interspinous bones, 1*25 inch in 
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length, extending diagonally towards the dorsal surfaoe the 
body. The interspinous bones are more slender than the nenra« 
pophyses ; they are forked at the base, and may afford pro> 
tection to a second canal. Sir Philip Egerton* cites the description 
by Prof. Owen of the vertebrse in the existing Sturgeon as oom« 
posed of “ two superimposed pieces on each side, the basal portion 
bounding the neural canal, the apical portion the parallel canal, 
filled by fibrous elastic ligament and adipose tissue ; above this is 
the single cartilaginous neural spine Of the fossil examples 
described by , Sir Philip Egerton, it is stated that the neura- 
pophyses appear to be composed of two elements, corresponding to 
the basal and apical cartilages of the Sturgeon ; but whether they 
embraced a second canal, running parallel with the spinal cord, 
could not be ascertained. The divided base of the apical neura- 
pophyses or spines of the specimen now described affords conclusive 
evidence that a second canal did exist in the fossil Chondrosieus, as 
in the recent Sturgeon. In addition to the two sots of basal and 
apical neurapophysos, the dorsal fin is supported by an additional 
double series of bones. Connected with the apical neurapophyses 
there is a series of interneural spines, more or less pointed at their 
lower extremity, exceeding an inch in length, and with their 
upper extremities expanded so as to afford attachment to a second 
range of intomeurals, to which the rays of the dorsal fin are 
attached. Between the expanded and rounded extremities of tho 
two rows of interneural spines there is a cotitinuous space which 
indicates a cartilaginous attachment of no small size and strength ; 
its decay has left the two sets of bones separated by 0*3 of an inch. 
The interspinous bones are strong, and would afford a firm base of 
attachment for the rays of the large dorsal fin. 

The dorsal fin extends along tho back 6*5 inches, and its longest 
rays are fully 6*0 inches in length. It is composed of 66 rays, of 
which the anterior 15 are short and more or less rudimentary ; 
they occupy 1*75 inch of the base of the fin. The first rays are 
short, thick, and imbricating ; they gradually increase in length to 
about an inch. All are simple. The succeeding rays are trans- 
versely jointed, and increase rapidly in length to the seventh ; the 
twenty-second from the anterior extremity of the fin is the longest, 
the succeeding rays gradually diminish to tho posterior extemity of 
the fin. All tho rays, except the anterior fifteen, are jointed quite 
from the base. The longest anterior rays bifurcate three inches 
from the base, and the division is repeated nearer tho distal extre- 
mity. The bifurcation commences in the posterior rays nearer the 
base in proportion to the length. 

The ventral fin is much disturbed. The fin-rays are numerous, 
many of the fragments are thick and strong, and indicate somewhat 
large and powerful fins. There is no appearance of ordinary pubic 
bones ; but the anterior origin of the fin is marked by a V-shaped 
bone 1*2 in length ; it apparently forms a single piece for 0*6 inch, 

t Hunterian lectures, 8vo, rob ii, p. 53 (1846 
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beyoB^ which it bilurcates, possibly to support the two ventral 
The bone is opposite to the anterior insertion of the dorsal hn. 

The anal fin is not represented. 

The caudal fin is very large, and a most powerful organ of 
propulsion. The upper lobe, as in the recent 8turgeon, is the 
longer of the two, and its extremity is more pointed than that of 
the lower one. The length of the upper lobe is 12*0 inches, that of 
the lower 10*5 inches, and the terminations of the two are 13*0 inches 
apart. Along the median portion of the upper lobe there is a series 
of dermal scales or scutes ; at the basal part of the tail they cover 
about an inch in breadth and extend almost to the termination of 
the tail, gradually diminishing in area until they end in a point. 
The scales at the base of the tail are of an elongated oval form ; 
posteriorly they arc greatly elongated and assume a rod-like form 
pointed at each end. The upper external margin of the fin is 
formed of a series of large, sigmoidally-curved, imbricating, fulcral 
scales. Those attached immediately behind the pedicle of the tail 
are about 1*0 inch in length, 0*2 inch in thickness in the middle ; 
the basal and distal extremities are somewhat spatulate and thin. 
Succeeding scales become more attenuated, and midway their length 
has increased to 2*5 inches, with a medium thickness of 0*1 inch ; 
thence to the end they diminish both in length and thickness. 
The strong basal fulcral scales arc directly supported by a series of 
short but thick neurapophyscs. The latter do not appear to extend 
more than two inches beyond the base of the tail. The lower lobe 
of the tail is supported by haemapopbyses of larger size and more 
solid construction than the neurapophyses ; they arc expanded at; 
the base, and have evidently been firmly attached to a powerful 
vertebral axis. The latter was entirely cartilaginous and has 
disapi>eared. The ba 2 mapopby 8 e 8 can be distinguished a distance 
of six inches from the base of the tail ; they gradually diminish 
in length, but become broader and spatulate as they approach the 
termination of the vertebral column. Attached to the hmmapo- 
physes there is a long series of interhsemal bones, which form the 
base of attachment for the rays of the fin. The latter are strong 
aiid jointed from the base. A few short rudimentary rays are 
followed by others which extend to the extremity of the lobe ; 
they are divided towards the extremity of each ray, tho divided 
portions again bifxircating until the external margin of the fin has 
assumed a more or less filamentous condition. The rays decrease 
in length and thickness as they ure successively attached to the fin, 
extending quite to the extremity of the upper lobe. From the 
l>ase to a point halfway towards the termination of the upper lobe 
72 rays may be counted ; bey^ond this point there are many others, 
but the actual number is not easy to determine. 

The specimen of Chondrosteua described in the preceding pages 
is nearly twice the length of those described by Sir Philip Egerton 
(excluding O.^^achyiirus^ which is only mentioned incidentally), whilst 
the depth of tho body, taken in front of the dorsal fin, is 6 inches, 
the same as that of C, acip€nseroidt»^ 9o that this species approaches 
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modi more nearly to the existing types. In this Bpeoimen the 
length of the body from the base of the pectoral fin to the pedicle 
of the caudal fin is 24 inches, the length of the caudal is 12 inches ; 
in Egerton’s specimens the proportions are as 15 inches to 9 inches ; 
though it is possible that as the caudal fin was not attached to the 
body ill the latter instance, the estimation of the proportionate 
lengths of the body and tail may have been exaggerate in the case 
of the latter. The ventral and dorsal fins are described as being 
midway between the base of the pectoral and that of the caudal ; 
in this specimen the distance between the pectoral and ventral is 
14 inches, and between the latter and the caudal 10 inches. The 
dorsal fin of this specimen is readily distinguished by the large 
number of short rudimentary or accessory rays forming its anterior 
portion; and the pectoral fin is possessed of a strong anterior 
spinous ray very similar to that of some recent Sturgeons. 

Some differences in the cranial anatomy have been already 
mentioned. The division of the scapular arch into three parts — 
the suprascapula, the scapula, and the coracoid — in this specimen 
appears to be undoubted, whilst in those previously described the 
scapula and coracoid are said to bo united. In the existing 
Sturgeons the two latter ossifications of the shoulder-girdle are 
separate*, and in the Ganoid fishes generally this is also the case. 

The mandibular suspcnsorium, in the examples described by 
Sir P. Egerton, is stated to consist of a large epitympanic bone 
connected with the tympanic pedicle ; the succeeding cartilages, 
the mesotympanic and hypotympanic, which are represented in the 
recent Sturgeon by two cartilages, are united to form one bony plate. 
This united bone is very small and feeble as compared with the 
epitympanic, and is considered ill-adapted, either in form or dimen- 
sions, to afford an articulation strong enough to support the 
mandibular and maxillary organs. Dr. Gunther t states that 
the suspensorium in the Sturgeon is movably attached to the side 
of the skull, and consists of two pieces, a hyomandibular (epitym- 
I>anic) and a symplectic, which now appears for the first time as a 
separate piece, and to which the hyoid is attached ; as regards the 
second part of the suspensorial apparatus the Sturgeons are distinctly 
in advance of the palseoniscoid Ganoids, in which Dr. Traquair has 
seen no trace of symplectic t* 

A careful comparison of the numerous specimens of the genus 
Chondro8teu8^ at present located in the New Natural History 
department of the British Museum, has led to the conclusion that 
there is no specific difference between the species UhondrotieuM 
oAdpenseroides^ Agassiz, and O. craseior^ Egerton, The characters 
separating the two, as stated by Sir Philip Egerton, are slight, con- 
sisting in the relative thickness of the cranial bones and the position 
of the anal fin. The former difference can scarcely be maintained, 
because the specimens merge gradually the one into the other, and 

♦ Prof. W. K. Parker, On the Shoulder-girdle and Sternum ” 

t ‘ Study of Fiehes,’ 1880, p. 76. 

X Palfeoniscidfi (Paleeonto^phical Soc., vol. xxsd. 1877» p* 17> 



EXPLANATION OF PLATE XXIH, 

Specimen of Chondrosteua aciponseroidesy Ag., from the Liae of Lyme Eegis, 
one-sisctJai natural size, op^ operculum ; p, pubis (?) ; v, Tentral fln. 

i)l8CT7SBION. 

Tho Pbksidewt observed that the subject was one to which the 
Author had devoted much labour, and that the comparison of such 
fossil forms with existing ones was of the greatest importance. 

Mr. Smith Woodward regn^etted that there was no specimen to 
verify the drawings, which seemed to show the bones with unusual 
(dearness. A figure of so instructive a fossil would be especially 
valuable ; but he advocated a more modern nomenclature than that 
of the Author. He considered the absence of an anal fin accidental. 
These Ohandrostei of the Lias formed the connecting-link between 
the old Palseoniscida) and the living Sturgeons, notably Polyodon^ 
and any contribution to their anatomy was thus very welcome to 
ichthyologists. 

Mr. Nswtok remarked on the fact that the tail alone was all that 
Agassia had to work upon. In 1868 Egorton gave further descrip- 
tions, including parts of the head, but his specimens were crushed. 
Mr. Davis’s spedimen was more perfect, and for the most part the 
bones of the head appeared to be in the position they ought to 
occupy. He criticiz^ Ihe position of the coracoid with reference 
to thC' soapula, the line between them b^g, as he thought, due 
to a Imeak in %e stone. The appearance of the mouth might 
also be due to breakage. He referrod to the absence of the anal fin 
and tp tiie apparently, diiQointed condition of the vertebral eolnmn. 

^SB(m]rrABT (^bterved that the Authmr expressly noted the 
absenoa of the anal fin. ' 
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42. Notes upon some CAEBONiPEEOTrs Species 0 / Mitrchisonia tn our 
Public Museums. By Miss Jaee Doealb, Carlisle. (Bead 
May 25th, 1887.) 

[Oommunicated by J. Q-. Q-oodciiii.i>, Esq., F.Q-.S., of H.M. Geological Survey.] 
[Plate XXIV.] 

It is exceedingly difficult to fix the limits of the genera of many 
fossil (Gasteropoda and to ascertain their affinities with those of 
existing forms. As the soft j^arts of the animals are never preserved, 
the only data upon which we can relj" are such as may be derived 
from the form and structure of the shell. The most characteristic 
feature in the Mut'cliisonioe is the slit in the outer lij3, the successive 
filling-up of which gives rise to the formation of a band upon the 
whorls of the shell. Now this slit in the outer lip exists in several 
other genera, such as Pleuroto maria, Plenrotoma, some species of Par- 
ritella, Siliquaria, iScisstirclla, Pmar</iuuia, Pdle.nphoa, and, to a 
greater or less degree, also in /Jaliolis, /anf/iina, Emnaphalas, &c. Of 
these genera, those which JSIurchiaonia most resembles are Plcuroto- 
maria and Tarritdla, and in some instances it is very difficult to 
draw the line between the gtaius MarcluAouia and Iho gcjiiis Plenro- 
tumaria ; in both genera the slit is rcj)resente(l on the wliorls by a 
well-defined l)and, and the only external difiercnce between the 
shells is the form of the sjiire, that of Murvhimma b(‘ing elongjittsd, 
while in Plenroiomarla it is sliort. But there are shells of every 
intermediai-e length, and these have been referred sound imes to the 
one genus, and sometimes to the other, (t. Lindstrdm (‘Silurian 
Gasteropoda and rtcro})oda of (hdlaiid,’ ]). b2 thinks it well to 
limit the genus JM arvhisotna to shells which have a long slender 
spire of more than six whorls. 

The structure of the shell of Pleuroiornaria seems f o differ from 
that oi Murchisottia in the interior being nacreous, and G. Lindstrdm 
states that many of the (Gotlandie. Ph-aroUmiarav liave this inner 
pearly layer preserved, but he lias not observed this structure in any 
of the M iircliimniiv from the same beds. In liis description of 
M. comprcHsa (p. lie says that “ the luielei have a glossy surface, 

and look as if the interior walls of the shell had been jioreellanous.” 
None of the Britisli specimens of j\l areJasonia that I have examined 
have shown any evidence of the internal character of the shell. 
Indeed, from the manner in which most of tht;se ai e })resorved, it is 
diffietdt even to ascertain the relative thickness of the shell ; in most 
instances it is thin, but in others it a])pears decidedly thick, com- 
pared with the size of the shell. This thickness may not have 
existed in the original shell, for Mr. Etheridge informs me that a 
thickening sometimes takes place when the test is replaced by 
some mineral substance, as is frequently the case in the Palaeozoic 
Gasteropoda. 

Struck by the external resemblance of the Murchisonicp- to the 
* Kongl. Svenska Vet.-Akad. Handl. Bd. xiac. (1881), no. vi. 

Q. J.G.S. No. 172 . 2u 
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Turritellai^ Bome of the earlier palsBontologists referred them to that 
genus. But in 1841*, A, d’Archiac and E. de Verneuil classed them 
together in a new genus called Murchisonia^ the possession of the 
sinus in the outer lip being considered to distinguish them from the 
genus Turritella and from other genera of elongated shells to which 
they had been referred. In 1 859, J. W. Salter (Geol. Surv. 
Canada, dec. i, p. 18) se]>aratcd from the t yin cal Murchi^onicB 
elongated shells composed of rounded, bead-like whorls, and whose 
mouth is round, instciad of being ovate and slightl}'^ channelled. To 
this group ho gave the name of Jlormotoma, and took M. t/racilis. 
Hall, as the type. 

Whitfield (Bull. Amer. Mus. Nat. Hist. vol. i. no. 8, 1SS(», p. 311) 
considers it advisable to form a distinct genus for some other shells 
which have hitherto been classed as JMurcMsonin. He calls this 
new genus Lophoapira^ and defines it thus : — “ Shells univalve, with 
elongated spires, and strongly carinaled or keeled volutions; whorls 
closely coiled in the upper part, but often becoming disconnected 
below from a too raj)id descent of the coil. (.’(*ntral keel marking 
the x)osition of a sinus or notch in the outer lip of the aperture. 
Axis usually minutely perforate when the whorls are not discon- 
nected. Types il/. hidncti(= i\f. il/<77cr?. Hall, and M. lieUcteres, 
Salter.” 

3^ho exact value of these subdivisions can hardly be determined 
at present, but i) 0 S 8 ibl 3 ^ the discover}' of better-preserved specimens, 
and the detailed examination of the 'whole scritis of the Balaiozoic 
forms possessing a slit in the outer li]). may cvontunlly lead to the 
establishment of several well-defined subgcuiera. 

It is a question, however, whether the MKrchiaoititv may not be 
more nearly allied to some species of TarriteUa than was thought 
at one time ; for recent investigations have brought to our knowledge 
the fact of some species of Tvrrilella possessing a sinus in the outer 
li]). In January 1881, Mr. Marrat, of Liverj>ool, first pointed this 
out to me, and shoM'ed me some shells in the Liverpool Museum 
with a deep, narrow slit in the out(‘r lip, similar to that of Miir- 
chisonia. These shells were collected in Bass’s Straits, by Capt. W. 
H. Cawne-Warren (ship ‘ Bcdfortlshire ’), Associate of the Lit. and 
Phil. Soc. of Liverpool, who x>resented them to the Museum ; and 
Mr. Moore, the Curator, kindly enabled mo to obtain two sjiecimens 
in exchange for some fossil Gasteropoda. Mr. Marrat named this 
species T. fasurata (in lit.). In the Journ. Linn. Soc. Zoology, vol. 
XV. px>. 217-230, 1881, the Bcv. Boog Watson described some 
species of Turritella with a sinus in the outer lip, obtained in the 
dredgings of H.M.S. ‘ Challenger.’ These have since been more fully 
described and figured by him in ‘The Voyage of H.M.S. Challenger, 
Keport on the Gasteroiioda, Zoology,’ vol. xv. 1886, p. 466. The 
depth of the sinus in Turdtella seems to vary from a mere curve to 
a deep, Y-shaped slit, as in the Liverpool shell, and also in T. 
T^ncinata, Watson, and 2\ accisa, Watson. This sinus is indicated 

* Bulletin de la Soc. Qeol. de France, t. xii. p. 154. 
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on the whorls by the strong arching of the lines of growth, both in 
Tiirritella and Mttrchisania. But there is this diflerence between 
Tiirr'itella and MurcJiisonia, that, whereas the successive filling- 
iip of the sinus in Murclimmia forms a distinct band, which is 
limited on each side by keels or by grooves, it never seems to 
form a distinct band on all the whorls of Turritelhi. In T, riin- 
chmta and T, accisa^ however, the sinus lies between two cariino ; 
and, on the other hand, Cr. Linds trdra says that in Murchison fa 
atienuata^ His., “ near the aperture in large specimens, the trans- 
verse ornamental striie above and beneath are contlucnt with the 
band, without any separating or bordering linos, and it continues 
only as an elevated ridge, sometimes not clearly distinct from the 
surface (‘ Silurian Gasteropoda and Pterojiodaof Gotland,’ p. 130). 
The moutli of Murcldsonia is different in form from that of Tur- 
ritella, being longer and slightly channelled below, while that of 
Turritelhi is, as a rule, rounded or subquadrangular, though some 
species, such as T, admlrahlliji, Watson, and 7’. laiuellosa, Watson, 
are slightly channelled at the b.Mse of the pillar. In the group 
IJormotoma^ Halter saj’s that the mouth is rounded ; but 1 have not 
seen any sulficicmtly w(‘ll-])resorved specimens to show this ; the 
specimen from wliich his ty })0 is taken is evidently liroken at the 
base of the mouth. 

Mr. Boog Watson also points out two remarkable features in 
Turrltella^ viz., the possession of a system of microscopic sinrals, 
which covers the entire shell, and also the existence of an epidermis. 
If this latter had existed in M arcJifsonia we could hardly expect 
any trace of it to bo preserved in shells of so great an age, unless 
under exceptional circumstances ; and I have not come across any 
species of Murcldsonia sufficiently well xneserved to show whether 
they jjossessed the microscoxiic spirals or not. Another point to be 
noticed is that Tiirritella possesses an operculum, and I am not 
aware of ai'y oi)ercula being found wliich can with certainty be 
referred to MurchUonla. There is also a greater variation in the 
sjural angle in Murchisonla than in TurAtella, some of the shells 
being almost buccinoid in form. 

No observations seem to have been made upon the animals of the 
shells with a deep sinus in the outer li}), and it would bo interesting 
to know if there is any difference between their form and that of 
the animals belonging to the shells which have the outer lip merely 
sinuated. Thus some idea might bo formed of the relative value of 
the sinus, with regard to making generic distinctions. 

The researches of Dali upon the animals of tho recent species of 
Pleurotomaria have led to their being separated from the Haliotidae, 
and being assigned to a distinct place in a family of their own. G. 
Lindstrom refers the genus Murcldsonia to the family Pleuroto- 
mariadse, which position it may be well for it to retain, until further 
research throws more light upon its affinities. 

At present tho synonymy of this genus stands as follows : — 

Muricitea (pars), E. E. von Schlothcim, 1820, ‘ Petrefactenkunde/ 
p. 145. 
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Tut'riteUa (pars), J. Sowerby, 1829, ‘ Min. Conch/ vol. vi. p. 125. 

JBiiccinmn (pars), J. Sowerby, 1829, ‘Min. Conch.' vol, vi. p, 128 

TurriteTla, W. Hisingor, 1829, ‘ Esquisse d'un Tableau des Petrifil 
cations de la Svede,' i.^ii. 

Melano2xn's, F. W. Honingbaiis, 1830, ‘ dahrbuch fiir GeoJogie und 
Petrefaktenkundo, von Dr. K. C. von Leon hard t und Dr, H. G. 
Bronn,' p. 231. 

Cerithivm, J. Stoiningcr, 1831, ‘Bemcrkiingcn iiherdie YerBteiner- 
ungen welche im Uebergangs-Gebirgc der Eifel gefunden -vverden.’ 

Jiostdlaria, J. FhillipSf 1830, ‘ Geol. Yorks/ rol. ii. p. 230. 

Pleurotomaria (pais), L Phillips, 1830, ih, p. 227. 

Pleurotoma, J. Sowerby, 1839, ^Sil. Syet/ p. 072. 

ScJiizostoma (pwcs), G. von Miinstor, 1840, ^ Bcitriige zur Pctrefak^ 
tcnkunde/ vol. Hi. p. 87. 

3htrchisonia, A. d'Archiai^ et E. de V^crneiiil, 1847, ^ Pull, de 7a 
8oc. G('ol. de Franco/ vol. xii. p. 154. 

Tcrehra ?, J. JUiillips, 1848, ‘Geol. 8urv. Malvern Hills/ vol. ii. pt. i. 
p. 357, pi. xiv. Og. 2, non Sow. ‘ Sil. Syst.’ p. 019, pi. viii. Og. 15, 
ncc Phil. ‘ Pul. Boss.’ p. 99, pi. xxxviii. fig. 182. 

Pleurotomaria (purs), G. & P\ Sandbergcr, 7 850-55, ‘ Verstciiicr- 
ungoii des llheinischen Schiebtensystcms in Nassau.’ 

Pleurotomaria (pars), E. d’Eichwald, 18()0, ‘ Lcthsca llossica,’ vol. 
i. p. HOC. 

The characters of the genus maybe tliiiH defined : — Shell elongated, 
turreted, of numerous, gradually increasing whorls. Aperture 
longer than wide, with a short or truncated canal at its base ; the 
columella is arcuated. In some sj)ecieH there is an umbilicus, and 
in othcTB it is absent. In the outer lip there is a narrow and more 
or less dcf^p slit, with paralhil edg(‘s, the successive filling-up of 
which produces a continuous band throughout the whole length of 
the spire. This band iv'^ sometimes formed by a single elevated keel, 
or it may bo flat and bounded on each side by keels or grooves. 
The lines of growth on the band ar<* more or less strongly arched. 

On the upper part of the v horl they curve backwards to the band, 
and below they curve forwards again, and they indicate the succes- 
sive positions of the edge of the outer li]). Tlie JlhircJiisonuv are 
frequently ornamented with keels or fubercles, but they are some- 
times smooth, with the exception of the band. G. lindstrdm 
(‘Silurian Gastcnqjoda and I’ttTopoda of Gotland,’ p. 125) states 
that the “ oldest whorls are filled with organic deposit of calcareous 
matter.” On p. 135 ho also describes a great peculiarity in the 
structure of 31. defle.va, viz., the possession of two internal, longi- 
tudinal keels, continuing throughout the length of the shell, and 
resembling the interior ridges of the Neriueetr, 

The size of the Murchhoui<v varies greatly, some being less than 
one fifth of an inch in length, while others attain a length of three 
or four inches. 

The genus Muii'cliisonia is mainly confined to rocks of Palaeozoic 
ago. The exact number of species cannot, in the present state of 
our knowledge, be accurate!)* determined. 
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Mtjkchisonia anottlata, Phill. ? (PI. XXIV. figs. 1, 2.) 

Jiostellarla angulata, ? J. Phillips, 1830, ‘ Geol. Yorks.’ vol. ii. p. 230, 
pi. xvi. fig. 16 (dextra). 

Non Murchisonia angul^ata, J. Phillips, 1841, ‘ Pal. Foss, of Bovons’ 
p, 101, pi. xxxix. fig. 189. 

Non Murchisonia angulata^ A. d’Archiac and E. de Vorneuil, 
1842, ‘ Trans. Geol. Soc.’ 2nd ser. vol. vi. p. 356, pi. xxxii. figs. 6, 7. 

Non Murchisonia angulata^ A. Goldfuss, 1841—44, ‘ Potr. Germ.* 
vol. iii. p. 2o, pi. clxxii. fig. .5, />, c. 

Non Murchisonia angulata^ .1. E. Portlock, 1843, ‘ Gcol. Hep. 
Londonderry,’ p. 418, pi. xxxi. fig. 5. 

Murchisonia aagulata^ 11. G. Broun, 1848, ‘ Index Paloeontol.* 

p. 747. 

Murchisonia angulata^ A. d’Orbigny, 1850, ‘ Prodr. de Paleont. 
stratigr.’ vol. i. p. 122. 

Murchisonia angulata^ J. Morris, 1854, ‘Cat. Brit. Foss.’ p. 258. 

Murchisonia antfulala^'^ X. Scdgwiek and F. M‘Coy, 1855, ‘Brit. 
Pal. Bocks,’ p. 531. 

Non Plcurotomaria angnlata^ E. d’Eichwald, 1860, ‘ Lothaia 
Bossica,* vol. i. sect. ii. ]>. 1 180. 

Non M urchisouia angulaia^ .1. Armstrong, J. Young, and D. 
Bobertson, 1876, ‘Cat. of the West. Scot. Foss.’ ]>. 56. 

Mxirchisonia angulata^ .1. .1. Bigsby, 1878, ‘ Thes. Dovonico-Car- 
bonifcrus,’ j). 325. 

Non M iirchisoniic angulata^ L. G. do Koninck, 1883, ‘ Fauno du 
Calc. Carb. de la Belgi(|uc,’ vol. viii. jd-. 4, x>* 13, i)l. xxxiv. fig. 4. 

As will be seen from the above synonymy, considerable confusion 
has arisen with regard to the identification of the Murchisonia 
angulata of Phillips, owing to his having described three distinct 
species under this name. In 1836, in the ‘ Geol. Yorks.’ vol. ii. 
p. 230, pi. xvi. tig. 1 6, Phillips figures and describes two different 
Carboniferous shells llostellaria angulata’, and in 1841, in tho 
‘Pal. Foss, of Devon,’ p. 101, pi. xxxix. fig. 189, he figures and 
describes a Devonian shell as Murchisonia angulata, identifying it 
with the shells previously described as llostdlaria angulata, and 
referring them all to the genus Murchisonia, d’Arch. & de Vern. 
This last shell is evidentl}’ quite distinct from those first described, 
being much smaller and the keels bfung differently disposed ; the 
only point of resemblance being that both it and the shell figured 
on the right hand of jd. xii. fig. 16, in the ‘ Geol. Yorks.,’ are tricari- 
nate. With regard to the first two, it is somewhat difficult to 
decide which should he taken as the tyi>e of tho BX)ecic3, only one of 
the original specimens being in existence, and that in a very imper- 
fect state of preservation. The Gilbertson Collection in the Natural 
History Museum contains a large number of the fossils described by 
Phillips in the ‘ Geol. Yorks.,’ and the other sx^ccimens, I am told, have 
been lost. There is one shell in this collection which agrees with 
the left-hand figure of pi. xvi. fig. 16, and which is distinguished 
in the tray as the M, angulata figured by Phillips. It is much worn, 
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but it is clearly identical with the shell since described by K‘Coy as 
M, Vemeuiliana, var. Icendalemis, of which there are some speci- 
mens in the Museum from Kendal. Phillips thus describes the 
shell ; “ Whorls angular, the upper ones tricarinate.” I have 
examined a great many specimens of this shell, and it is never 
tricarinate. It has a broad, flattish band, about the centre of 
each whorl, which is solid on the body-whorl, but on some 
of the upper whorls it is frequently hollowed in the centre, which 
causes it to be formed of two small keels with a groove between them. 
This hand represents the sinus, and is shown on the specimen in 
the Gilbertson Collection, where it is solid, and not grooved. 
In some specimens below this band there is occasionally a 
strong angle on the body-whorl, which either apijears just above 
the suture on tlie up])er whorls, or else is hidden by the whorl below; 
there is never any indication of a keel on the angle in any of the 
specimens I have examined, and in many, especially in older speci- 
mens, the angle is scarcely visible, the base being rounded, and this 
is the case with the specimen in the Gilbertson Collection. 

With this shell is another, also from Holland, but which is clearly 
distinct from it. It strongly resembles the right-hand specimen of 
pi. xvi. fig. 1 0, but is evidently not the original from which the 
drawing was made, as it is larger and ap]>cars to increase more 
slowly ; but the exact spiral angle of the figure could hardly be 
accurately determined, as ilie 8])ocimcn is so imperfect. This shell, 
however, agrees better with Phillips's brief description, being 
angular, and the upper whorls, which alone are presijrvcd, are 
tricarinate. Since the shell represented by the left-liand figure is 
nov^er tricarinate, and it has also been w'ell described and figured by 
M‘Coy, in the '•Brit. Pal. Foss.^ 185.5, j). 552, pi. 5 Ji. figs. 11 and 12, 
it would, I think, be convenient to take the other shell Avhich is 
tricarinate, and which has not been elsewhere descrihed, as the type of 
M. amjiilata, I have examined all tlu; Carboniferous Gasteropoda in 
the Natural History Museum and in the Oxford Museum, and have 
also made numerous inquiries, but have not been able to obtain any 
more information concerning this species, neither do I know of any 
other tricarinate shell bearing a greater resemblance to Phillips’s 
figure. 

Many different shells have been referred by succeeding palaeonto- 
logists to this species, which are not identical with cither of the 
shells. J. E. Portlock * luis erroneously identified a shell as M. 
anffidata, but it difi’ers from both of Phillips’s figures by its greater 
spiral angle, the form of tlie band, and its ornamentation. A. 
Bedgwick and E. M*Coy t mention a shell which seems to me dis- 
tinct, but it is so much imbedded in the matrix that it is difficult to 
make anything of it. The shell referred to as JM. angulata in the 
‘ Cat. of West. Bcot. Eoss.’ i>. 5(>, is of much smaller proportions, 
and is difforently ornamented. A. d'Archiac and E. de Vemeuil^: 

Qool. Rep. Londonderrv, p. 418, pi. xxxi. fig. 5. 

t Brit. Pal. Rocks, p. oJU*. 

^ Trans, Geol. Soc. 2nd ser. vol. vi. p. 350, pi. xxxii. figs. 6, 7. 
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and Goldfuss ♦ have referred Devonian shells to this species. That 
of the former differs from both of Phillips’s figures; the more rapid 
increase of the whorls, and the absence of the keels below the band, 
distinguish it from the right-hand figure, while the whorls are more 
excavated than those of the left-hand figure. The shell described 
by Goldfuss, which I have examined in the Bonn Museum, in- 
creases more rapidly, the band is formed of two keels placed close 
together, and the whorls are more excavated. The Pleurotomarm 
angulata of E. d’Eichwald f is evidently different, from its having 
keels above as well as below the band, and it is also very much 
smaller. Of all the forms referred to this species, that described by 
L. G. do Koninck t most resembles it. Ho considers his shell iden- 
tical with the right-hand figure of Phillips ; but I have seen his typo 
in the Brussels Museum, and I do not think it is the same, as it 
increases more rapidly, the sutures are more oblicjue, the sinal band 
is formed of two keels, and the keels below the band are more 
numerous. There is, however, a fragment of a shell on the same 
tablet, which strongly resembles the tricarinate shell in the Gilbert- 
son Collection, and may possibly be identical with it. 

It would be a great advantage to have, as the type of the species, 
a well-defined shell such as that in the Gilbertson Collection, as its 
marked characteristics readily distinguish it from any other of the 
genus. I therefore append a fuller description. Hholl elongated, 
turriculated, composed of numerous angular whorls. Oijly fragments 
are i^reserved, but a perfect si^ecimen would probably consist of ton 
or more whorls. The sutures are deep, and the whorls increase 
gradually. Bather below the centre of each whorl there is a pro- 
minent keel, on each side of which is a narrow groove, limited by a 
fine line ; below this prominent keel there are two smaller keels, 
one of which is about halfway between it and the suture, and the 
other appears just above the suture. The juominent keel evidently 
represents the sinus in the outer li}); though the lines of growth are 
not preserved on it, they are on the surface of the whorl, and curve 
back to it above, and forwards below. Above the band, the surface 
of the whorl is slightly concave ; below it is almost vertical, sloping 
but little towards the suture. Mouth unknown. 

(PI. XXIV. tig. 1.) A fragment consisting of two entire whorls, 
and portions of two others from Bolland,i8 in the Gilbertson Collection 
in the Natural History !Museum. 

Length 33 millim., width of lower whorl 2i inillim., height 11 
millim. 

In the Burrows Collection in the Woodwardian Museum there 
are four specimens of this shell from Settle, and there is also a largo 
cast from the same locality, which is probably this s])ecies. All the 
specimens are more or less imperfect and imbedded in the matrix. 
Part of the base of one specimen is preserved, and on it there are 
three or four additional keels. The specimen figured (PI. XXTV. 

* Petr. Germ. vol. iii. p. 25, pl. clxxii. fig. 5, a, b, c, 

t liethka Bossica, vol. i. sect. ii. p. 1180. 

J Faune du Calc. Carb. de la Belgique, vol. viii. pt. 4, p. 18, pl, xxxiv. fig. 4. 
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fig. 2) is the upper part of a shell, of which five entire whorls are 
preserved, and a portion of another. 

Length 23 millim., height of lower whorl about 5 J millim. 

Formation, Carboniferous limestone. 

MuRcmsoNiA KENDALEN8TS, M‘Coy. (PI. XXIY. figs. 3-6.) 

Fostellaria aiujvlata, J, Phillips, 1836, ‘ Geol. Yorks.' vol. ii. p. 230, 
pi. xvi. fig. 16 (Kiiiistra). 

Non Miirchis-onlft Vernpoiliana^ L. G. dt^ TConiock, 1843, ‘Precis 
ehiment. d(^ ( ])ar. J. .1. d'Gnuilius dTlalloy,’ p. 5I(). 

Xon A1 archisonid Verneui/itma^ 1j. G. do Koninck, 1843, ‘ Descr. 
des Anim. P'oss. du Terr, Carb. do la Pclgiqne,’ p. 414, pi. xxxviii. 
fig. 6. 

Jfure7iiso}iia FerneviUann^ var. Jcendalenais^ F. M‘Coy, 1855, 
‘ Brit. Pal. Kocks,’ p. 532, pi. 3 h. figs. 11 and 12. 

Murchiaonia Ferneuiliana, var. /iendaJensis, J. J. Bigsby, 1878, 
‘ Thes. Devonico- Carbon iferus,’ p. 327. 

Non Ahirchisonia Verneuiliana, L. G. do Koninck, 1883, ‘ Faune 
du Calc. Carb. dc la Belgique,’ ji. 25, pi. xxxiv. figs. 35, 36, 37. 

Shell elongated, conical, composcjd of from eleven to seventeen 
gradually increasing whorls. A little below the middle of each 
whorl is a broad, fiat band, which represents the sinus in the outer 
li]). It is solid, and bounded by two fiiu^ grooves on the lower 
whorls, but on the upi)er wdiorls ii is fVecpiently hollowed out in the 
centre, forming t>vo kcals, separatial by a groove. Above the band 
the whorl is almost fiat, while below it is slightly convex. The 
surface of the whorls is smooth, with the oxeej)tion of thcj lines of 
growth, which are strong and irregular ; they curvtJ back to the band 
above and forwards below; on the band they are strongly arched 
(fig. 3 a). On some s])ecimens there is a strong angle on the body- 
whorl below the band, wdiich is visible just, above the sutures on the 
upper whorls. On many sju'clmens, however, the base is rounded, 
and the angle is scarcely visible. There is a small umbilicus. The 
sutures are deep. The mouth is longer than wide, but it is not well 
preserved in any of the speoimens I have seen. 

M‘Coy thought this shell might bo a variety of M, Verneuiliana^ 
de Kon. ; but de Koninck doubts its being identical with his species, 
and, after the examination of his specimens at Brussels, I certainly 
think the differences are suffieiently markt^l for it to constitute a 
distinct species. It is a much more solid-looking shell than M, 
V'erneiiiliana, de Kon., the s])iral angle is less, the whorls more 
numerous, and the form of the band is usually different ; it also 
possesses an umbilicus. 

Should it bo deemed advisable to take the tricarinatc shell as the 
type of M, angulata, Phill., this shell must be called Af. Icendalensis, 
M‘Coy. Otherwise, of course, the name Icendalensis must be 
dropped, and this must be termed M. angulata, Phill., while the 
tricarinate shell must have a new name. 

M‘Ck)y identifies this shell with the Devonian species M. a'ngulata, 
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d’Arch. &de Yern. (‘Geol. Trans.’ 2nd ser. vol. ii. p. 356, pi. xxxii. 
fig. 6), which is, I think, distinct, the whorls being much more exca- 
vated, and in the type the band is grooved on all the whorls, while 
on the variety a it is much narrower. 

There are about twenty-two specimens of this shell in the Wood- 
wardian Museum ; the largest is one figured by M‘Coy (pi. 3 h. fig. 11). 
Its length is 58 millim., width of penultimate whorl 27 millim,, 
height 12 millim. The shell is imbedded in the matrix ; it consists 
of seven whorls, and the a]iex is broken. The base is rounded, and 
the angle shows but slightly on the upper whorls, just above the 
sutures. 

A smaller specimen in this museum has the angle well marked on 
all the whorls. Only five whorls of it arti ])reserved. A jiearly per- 
fect s])ecimen consists of eleven whorls, and would, ])robably, have 
one or two more if the apex were entire ; it is 45 millim. in length, 
but the surface is badly preserved. None of these specimens have 
the band much hollowed out in the centre on the upper whorls, it 
being more or less solid on all the whorls. 

The specimen (PI. XXI V. fig.5) in the Oilhin tson Collection, figured 
by Prof. Phillips (‘Geol. Yorks.’ vol. ii. })1. xvi. fig. 16, sinistra) is 
merely a cast consisting of two whorls, but it shows th(^ strongly 
marked characteristics of this sjx'cit^s. The band is broad and flat, 
and the slit in the outer li]) is shown. 

There Jire four s])ecimens in Prof. Philli])s’s collection in the 
Oxford Museum, but no]je of them are wcdl ])res(5rvcd. One, which 
is much imbedded in the matrix, consists of about seventeen whorls, 
and it has the strong angle below the band. 

Its length is about 3(i millim. 

There arc specimens of this shell in the Geological Society’s Museum, 
the Museum of Practical Geology, and the Kendal Museum: and therci 
are also one or two others in the Natural History Museum, besides 
that figured by Phillijis. 

Localitif. All the above-mentioned fossils arc from K(U)dal, with 
the exception of the specimen figured by Phillips, which is from 
Boll and. 

Formation, Mountain Limestone. 

Mr. Morton, Liverpool, has specimens in his collection from 
Porth-y-Vaen, near Oswestry, Llangollen, and Mold. Ho divides 
the Carboniferous Limestone of that district into the following 
lithological divisions, in desctuiding order : — Upper Black Lime- 
stone, Ui:»per Grey Limestone, Upiier White Limestone, Lower 
White Limestone, Lower Brown Limestone. He finds that M, 
Icendalenms^ M‘Coy, rang(,*s throughout the siuies with the exception 
of the Upper Black Limestone. It occurs in the Lower Brown and 
Upper Grey at Llangollen, in the tTpper White near Oswestry, and 
in the Upper Grey near Mold. 

In the Wood Collection in the York Museum there is also a 
specimen from Oswestry ( PL XXIV. fig. 4). It consists of about eight 
whorls, and the apex is broken. The band on the lower Vvhorls is 
solid, but on the upper it is grooved and composed of two keels. 
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It exhibits a slight variation, there being two fine lines on the part 
of the whorl above the band. The angle is well developed on the 
lower part of the whorl. Umbilicus distinct. Mouth broken. 
Length 36 millim., width of body-whorl 19^ millim. 

Formation, Mountain Limestone. 

Mukchisonia Yerneuiliana, de Kon. (PI. XXIV. figs. 6-8.) 

Murchisonia Verneuiliana^ L. Cr. de Kouiiick, 1 843, ‘ Precis 
diem, de (leologie, par J. ,T. d’Omalius d’Halloy,’ p. 516. 

Murchisonia Vemeuiliana^ L. (I. de Kouinck, 1843, ‘ Descr. des 
Anim. Poss. du Terr. Garb, de la Belgique,’ j). 414, pi. xxxviii. 
fig. 5. 

Murchisonia Verneuiliana, 11. G. Bronn, 1848, ‘Index I’aloDontol.’ 
p. 748. 

Non Murchisonia Fernetiiliana, var. TcendalensiSf F. M‘Coy, 1855, 
‘ Brit. Pal. Kocks and Foss.’ p. 532, pi. 3 ii. figs. 11 and 12. 

Murchisonia Verne ailiana^ L. G. de Koninck, 1877, ‘ Recherches 
sur les P’oss. Pal. de la Nouvelle-Galles du Sud,’ p. 119, pi. xxiii. 
fig. 15. 

Murchisonia Verneuiliana, J. J.Bigsby, 1878, ‘ Thesaurus Devonico- 
Carboniferus,’ p. 327. 

Murchisonia Verneuilia'na,, Do Kon., 1883, ‘ Faune du Calc. Garb, 
de la Belgi(iue,’ j). 25, pi. xxxiv. figs. 35, 36, 37. 

Shell conical, composed of from eight to ten angular whorls. A 
little below the centre of each whorl there are two strong keels, 
between which lies the sinual band ; the band is wide and sunk 
between the two keels. The lines of growth are distinct, curving 
back to the band above and coming forward again below ; on the 
band they are arched, but not so strongly as in M. Icendalensi^, 
M‘Goy. The surface of the whorls is almost flat, being but slightly 
convex. The base of the last whorl is convex ; it has a slight 
angularity a little below the band, which is hidden by the suture 
on the upper whorls. Prof, de Koninck says that the last whorl 
has a tendency to become detached from the preceding whorls. 
The sutures are deep. The mouth is a little longer than 
wide. The columella is simple, and there is no umbilicus. 
The surface of the whorls is generally ornamented with fine spiral 
striao. The largest of the specimens in the Woodwardian Museum 
has those spiral lines well preserved. Another only shows two 
of the strongest lines above the band and two below ; the keels 
bounding the band of this specimen also appear to be slightly 
undulating, but this may arise from wear, as the surface of the shell 
is much worn. The specimen figured by de Koninck has oiJy the 
spiral lines below the band. 

De Koninck says that this shell differs from M, 'plicata, Goldf., 
by the depth of its suture and also by the absence of the keel on 
the base. In the type of M, plicata^ Goldf., which I have examined 
in the Bonn Museum, there is a still greater difference, for the upper 
margin of the whorl is nodulose at the s.uture, the keel below the 
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band on the body-whorl is also nodulose, the surface of the shell is 
plicated, and the keels bounding the sinual band are somewhat 
undulating, as in M, Humholdtuiiia, In 1843, de Koninck (‘ Descr. 
des Anim. Foss, du Terr. Garb, de la Belgique,’ p. 414) considered 
this shell identical with a Devonian one figured and described by 
A. d’Archiac and E. de Vorneuil as M. angulata (‘ Trans. Geol. Soc.’ 
2nd ser. vol. ii. p. 356, pi. xxxii. fig. 6) ; but in 1883, ‘ Faune 
du Calc. Garb, do la Belgique,’ p. 25, he says he considers them 
to be distinct species. 

This shell bears a strong resemblance to the Devonian Pleuroto- 
maria angulata of 8andberger (* Die Versteinerungcii des Ilheinis- 
chen Schichtensystems in J^assau,’ j). 204, pi. xxiv. fig. lO). 

I am not aware of its having been described as British before. 

There are four specimens of this s])ecies in the Woodwardian 
Museum. The length of one (PI. XXIV. fig. 6), consisting of eight 
whorls, is 21 millim., width of body-whorl 13 millim., height of 
body-whorl 9 millim. A portion of a larger shell (PI. XXIV. fig. 7), 
consisting of three whorls, has a length of 21 millim. ; the width 
of the body-whorl is 14 millim. : height of body- whorl 15 millim. 
The other two s])ecimens are much smaller. 

Locality. Settle. 

Formation. Mountain Limestone. 

In the Museum of Practical Geologj^ there arc three very small 
specimens, which are of about the same size as the smallest I saw 
in the Brussels Museum. The length of that figured on PI. XXIV. 
fig. 8 is 7 millim., width of body-whorl nearly 4 millim. It is on 
the same piece of rock as Pleurotomaria GriJ)ithil,()LCi l\on. 

Locality, Abergele. 

Formation. Mountain Limestone. 

The other two specimens in this Museum arc from the Mountain 
Limestone of Xarrowdalo and the Great Ormes Head. 

MuRCniSONlA PYUAMIDATA, sp. IIOV. (PI. XXIV. fig. 9.) 

Shell elongated, whorls angular, gradually increasing. Oidy four 
whorls and a x^ortion of a fifth are preserved ; there would probably 
be ten or twelve if the shell were entire. There is a prominent 
rounded keel situated about two thirds down each whorl, which 
evidently rei)resents the sinual band, though no lines of growth are 
preserved on it. These lines curve backwards to it above and slightly 
forward again below ; they are fine and faint. The surface of the 
whorls both above and below the band is slightly concave, and the 
base is convex. The form of the mouth and columella is unknown, 
as the base is broken. The lower part of the whorl is covered with 
fine sjiiral threads, thus disposed : — immediately below the band is a 
deep groove, then a strong thread, three or four finer ones, another 
strong thread which is about midway between the band and the 
suture, below this there are two or three fine ones on the uj^per 
whorls, but they are more numerous on the base, which is covered 
with them. These spiral lines are slightly beaded ; they are 
probably rendered so by the crossing of the lines of growth. Above 
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the band there is a spiral thread about two thirds below the suture 
and immediately below the suture there is another fine thread on 
the body-whorl, but it is not preserved on the other whorls. 

There is only one specimen of this shell in the Gilbertson 
Collection in the ISTatural History Museum (no, G. 234). The 
length of the four and a half whorls is 20 millim., width 12 millim. 

The shell has a slight resemblance to Jlf. Archiaciana, de Kon., but 
the whorls are not so convex, the band is narrower and more 
prominent, and the spiral lines below the band are beaded and 
more numerous. Perhaps the general form most nearly approaches 
that of M. spirata, Goldf., the type of which I have seen at Bonn ; 
but the band of this species is formed of two keels, separated by a 
small groove, and there are only two spiral lines below it, instead of 
the numerous lines of M. pijramidata. 

Localitif, Bolhmd. 

Formation, Carboniferous Limestone. 

Mubchisonu zonata, sp. nov, (Woodcuts, Ggs. 1, 2,) 

Shell GOiiical ; whorls convex, sepnrated hy deep Buturea. There 
are oiily two s}}ooimens of this shell, and ijeiiher of them is entire, 
but three whorls being preserved of each, and one specimen is a 

Fig. 1. — Miirc/iisoHia zoiiata. Fig. 2. — Oust of J/fire/nsoma 
Donald, Nut. size. zonata, Donald. 
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mere cast. The siiiual band is situated about the middle of each 
whorl ; it is broad and flat, and is not raised above the surface of 
the whorl ; it is bounded by two grooves. Below the sinual band 
there are two narrower and slightly convex bands, separated by 
grooves, and on the body-whorl there are two or three additional 
bands and grooves. On the upper part of the whorl there are two 
very shallow grooves, one of which is about midway between the 
suture and the sinual band, and the other is just below the suture. 
The lines of growth are only preserved on the upj)er part of the 
body-whorl, where they are distinct and curve backwards to the 
sinual band. The mouth is imbedded in the matrix. 
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Length of the more perfect Bpecimen 8 millim., width TnilliTn, 
Length of the oast 10 millim. These two shells are in the Carr 
Collection in the Museum of Practical Geology. 

This species bears some resemblance to M, Sedgwickiana^ de Kon., 
but it is more elongated, the bands and grooves are not so evenly 
disposed, and it is also much smaller. Prom M, suhsulcata^ de 
Kon., it is distinguished by the greater number of grooves possessed 
by that species. The American form, M, terehrlfoi'onis^ Hall, 
most nearly approaches it ; but it is ornamented with elevated spiral 
striae below the band instead of with flat bands. 

Locality, Narrowdale. 

Formation. Mountain Limestone. 

MuRCHISONIA SrnJERTJLATA, BJ). iiov. (PI. XXIV. flg. 10.) 

Shell elongated, conical, composed of numerous convex whorls. 
The whorls arc rendered slightly angular in i;he middle by the sinual 
band. The band is broad and flat, and bounded by two narrow 
grooves ; there is a wider and shallower groov(5 in tlie centre of it. 
Jielow the band there are five or six spiral lines ; tln^y are some- 
what indistinct, and are slightly reticulated with the lines of 
growth. The liin^s of growth are strong, and curve bacjkwards to 
the band abovt^, and forwards bdow ; tlu'j" arc^ arched on the 
band. The upper part of the whorl is smootli. The mouth is 
longer than wide. 

There is but one specimen of this species in the Museum of 
Practical Geology, and it has only four whorls prc'served. 

Length 17 milliiu., width of body-whorl 8 millim., width of 
penultimate whorl 7 millim. 

This shell is moi’e elongated than M. zo'nata, and it is orna- 
mented with tine spiral lines instead of with flat bands. It is 
larger than M. ttrehriformw^ Hall, the whorls increase more slowly, 
and the lines below the band ar<5 very fine and more numerous, 
instead of being raised spiral threads. 

Locality. James’s Cleugh, King Water, Cumberland. 

Formation. Lower Carboniferous. 

MURCHISONIA TENUISBTMA, sp. llOV. (PI. XXIV. fig. 11.) 

Shell very elongated, turriculated. A perfect specimen would 
j)ossess from ten to twelve whorls. Whorls angular, and each 
ornamented with six spiral keels. Three of these keels are placed 
rather close together about the middle of the whorl and form the 
sinual band ; the central keel is a little finer than the others. 
Above the band a fine keel lies just below the sxiture, and below 
the band there are two keels, the lowest of which apj)ears just 
above the suture on the upper whorls. On the body-whorl there is 
also a very fine thread between the band and the uppermost keel. 
The lines of growth are strong and very distinct ; they curve back to 
the band above, and forward below ; they are arched on the band. 
The specimen is imbedded in the matrix, and the body-whorl is 
broken away from the rest of the shell. 
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There is only one specimen in the Musetim of Practical Geology » 
its length is 10 millim. * 

The only shell which this resembles is TurritdW Portl., 
from which it differs by the form of the band, which is formed of 
only two keels in T, suldfera, and the space above the band is 
greater and slopes more gradually than in that species. 

Locality. Wark, Northumberland. 

Formation. In beds on about the same horizon ae the top of the 
Mountain Limestone and the base of the Yoredales. 

TuaniTELLA? sxjLCiFERA, Portl. (PL XXIV. fig. 12.) 

Turritella^ sulcifera^ J. E. Portlock, 1843, ‘ Geol. Rep. London- 
derry/ p. 420, pi. xxxi. fig- 11. 

A minute shell in the Museum of Practical Geology is considered, 
but not without doubt, to be the specimen figured and described by 
Gen. Portlock. Ho describes it as a “minute shell, having ten 
whorls in less than one tliird of an inch ; it is narrow and 
elongated, and has its whorls marked by spiral sulci, bounded by 
strong sjural ridges, of which there are four on each whorl.” His 
figure is too imperfect to he of any assistance in the way of 
identification ; but the specimen in the Museum agrees with the 
description, with the exception that there is a fifth keel on the 
lower whorls, where it ap])ear8 just above the suture, and on the 
uppermost whorls it is hidden below the suture. The apex is 
broken, but this may have been done since Gen. Portlock’s 
description was written. Thus only seven whorls remain. Of the 
five keels with which the whorls are ornamented the central and 
that next above are the strongest, the uppermost is the slightest, 
and the space below the uppermost keel is the widest. This shell 
bears a strong resemblance in its characteristics to species of the 
genus Murchisonia, but as neith(*r the mouth nor the lines of 
growth are preserved, it cannot with certainty bo referred to this 
genus. Should it be a MurcJiisonia, the sinus probably lies between 
the strongest keels. I have seen no shell resembling this species in 
the Irish collections in Dublin ; and this is the only specimen I 
know of that comes near to Gen. Portlock’s description. Length of 
the seven whorls 5 millim., width of the penultimate whorl 
under 2 millim. 

Locality. Cullion, co. Derry. 

Formation. Shales in the Lower Limestone. This is probably 
about the same horizon as the lower part of the Mountain 
Limestone. 

Note. — In concluding this paper I must acknowledge how greatly 
I am indebted to Prof. Hughes, Prof. Prestwich, Mr. Etheridge, 
Mr. E. T. Newton, Prof. Schliiter, Dr. Purves, and others, for afford- 
ing me every facility in studying the collections in the different 
museums with which they are connected. The Rev. G. Crewdson 
has also kindly lent me specimens from the Kendal Museum. 

I am also under great obligations to Mr. Goodchild for revising 
these notes and assisting me in many ways. 
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EXPLANATION OF PLATE XXIV. 

Figs. 1,1a. Murchisonia angulatat Phill.? Bolland. Nat. size, la, band 
enlarged. 

2. . Settle. x2. 

3,3 a. k&ndalemdSylA^Qoy. Kendal. Nat. size. 3 a, band enlarged. 

4, 4 a. . Oswestry. Nat. size. 4 a, fourth whorl, x3. 

5, . Bolland. Nat. size. 

6, 7. Vermuiliana, de Kon. Settle. X2. 

8. . Abergele. x6. 

9. pt/ramidatay n. Bolland. x2. 

10. fiphcerulata, sp. n. James’s Cleugh, King "Water, Cumberland. 

X3. 

11. ienuissima, sp. n. Whrfc. x6. 

12. Turritella ? sulcifera, Portl. ? Oullion. X 10. 


Discussion. 

The President remarked that while there was little in such a 
paper as that before the Meeting which could have interested the 
Fellows had it been read in full, the paper was nevertheless of 
great value as containing many most useful observations upon a 
very important group of Palaeozoic fossils. 

Mr. GooDcniED stated that Miss Donald had not only studied most 
carefuUy the fossils of the northern district in which she resides, but 
she had also pursued her researches during visits to many museums 
in this country and also on the continent of Europe. 
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Amongst some specimens from the latter locality in my own cabinet 
are numerous examples which both Mr. Vine and myself consider 
to bo distinct from Tate’s type ; and to the consideration of them and 
associated forms these notes are directed. 

Inasmuch as, with the Cj^clostomatous Polyzoa, the simple cell- 
structure makes it necessary for the student to adopt in great degree 
zoarial growth as a means of classification, there occasionally occur 
forms, as in the species under notice, which find no secure resting- 
place under any family roof. In other examples, from the Inferior 
Oolite, this difiiculty is equally apparent. 

TuiiULIPORA INCONSTANS, Sp. UOV. (Pi. XXV. figS. 1-9 & 12.) 

Harely docs a form pre.^ent more varying and erratic modes of 
growth than the species before us. Whilst some colonies have a 
foliacoous habit (fig. 1), others are cylindrical (fig. 5), after the 
fashion of Diastopora Lamouroaxi^ M.-Edw., though the predomi- 
nant form of growth is erect, ramose, and cylindrical (figs. 4 and 7). 
In some instances from the flattened lobes spring branches cylindri- 
cal or but slightly flattened (fig. 8), and occasionally the colony is 
adnate. 

The zooocia are long, with proximal extremities free for as much 
as or J of their W'hole length (fig. 7), or else have but a slight 
degree of projection from the stem. The i)eristome8 arc circular 
(fig. 2), opening irregularly over the zoarium, and are about two 
thirds of the diameter of the zooecia. liright and distinct puride 
lines separate the cells in marked cojitrast to the fawn-colour of the 
cells themselves. Covering the whole surface are tubular papillae 
or minute projecting tubes (surfaco-i^ores), arranged occasionally 
in transverse or subspiral lines. The pores seem to communicate 
with the interior of the cell and are apparently connected with 
each other by delicate tubes (fig. 3), which traverse the outer wall 
mainly in the direction of the length of the cell. These surface- 
pores, common to many families of the Polyzoa, are almost iden- 
tical with the markings upon some Italian Proboscince. 

The zooBcia of both foliaceous and cylindrical forms boar just 
within the peristome solid circular closures (fig. 2). Though there 
appear to be no absolutely terminal closed cells, yet, immediately 
below the extremity of the newest branch, cells are often provided 
with the closures — a point rather against the theory of their 
development being only on old and worn-out cells. The position of 
this calcareous cover below the orifice tells also somewhat against 
its being considered a movable operculum. In its centre is a 
funnel-shaped perforation measuring about one third of the width 
of the whole, and there are also a few scattered minor jjerf orations. 
Erequently a slight constriction of the zooecial tube may be noted 
below the position of the closure. 

Prof. Busk * figures species of Ptistulopora and Patinella with the 
zooecial tubes closed with calcareous lids, which are placed quite 

^ * The Polyzoa of the Crag/ by G-. Busk, pi. xviii. fig. 2, pi. xix. fig. i, Mem. 
Pal. Soc. 

aJ.G.S. No. 172. 2x 
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close to, though within, the oiifice. In an able critique by Mr. F. 
D. Longe examples of Jurassic Diastoporce are shown with the 
closures in a terminal position, and hence the author infers that 
there is no substantial difference between them and the opercula of 
the Chilostomata. 

Prof. D. lirauns t boldly advocates the establishment of an 
oporculate division in the order Cyclostomata, and places under that 
head the genus Elea, with Elea foliacea as his type. 

Mr. Waters working ujwn Recent and Tertiary’ material, points 
out that “ The most usual position for the calcareous plate which 
closes the tube would seem to be about the point where the zooccial 
tube rises free from the zoarium.’’ In the genera Ilomera, Entalo^ 
jihora, and Reticulijjora, figured by him, the closures are shown to 
bo so far within the tube as to almost negative the question of their 
identity with movable opercula. A section of Eeuropora damicornis 
(Lamx.) in my collection shows each zooccial tube with numerous 
closures or septa, none of which, however, are near the mouth. 

The zooccial surface is not only transversely wrinkled, but also 
shows some traces of what may possibly be spines. This feature is, 
however, very obscure, for the surface of well-preserved specimens 
is often covered with a close and exceedingly delicate calcareous 
network (fig. 6), partly hiding even the dark lines of the zooecial 
walls. A similar network of fine threads occurs upon small shells 
found in the same beds. 

The ooecia are rare and consist of irregular inflations of one or 
two colls (fig. 4). In one instance the ocecium, apparently an 
enlarged simple cell, is provided with a smaller opening in addition 
to the ordinarily large mouth. Other forms of ococia arc external 
Bcmiglobose chambers enveloping the free iiai ts of one or two cells 
(fig. fi). The study^ of this species brings home the fact, so 
frequently acknowledged by specialists, of the unsatisfactory nature 
of the classification of the Cycles tom atous Polyzoa ; and one cannot 
put aside the thought that had a few fragments only- of it been 
found, one portion might have done duty as a foliaceous Diastopora^ 
another as an Entalophora, whilst a third would possibly have been 
referred to Ttibulipora, Notwithstanding some superficial resem- 
blance to Diasiopora cervicornis and I). Lamonrouxi, M.-Edw., the 
exceptional length of the zooecia and their partial freedom sufiiciently 
remove the King’s-Sutton species from the JMasto^^orce, irrespective 
of its Ttthnlipo)'a-\i\w habit of growth. To the Epirojwrce the 
foliaceous and adherent forms present an insuperable barrier 
(though it must not be overlooked that Cricopora ahbreviata, Mich., 
IB figured with a flattened base from which the branches spring). 
The cell-closures do not, as yet, seem to have been discovered either 

♦ X/ouge, F, D., “ On the Relation of the Escharoid Forms of Oolitic 
Polyzoa,’^ &c., G«ol. Mag. dec. ii. vol. viii. p. 23. 

t Die Bryozoen des mittleren Jura der Gegend von Metz,” von D. Brauns, in 
HalLe. Zeitschr. d. deutschen geolog. Gesellschaft, Jahrg. 1879. 

X Waters, A. W., “ Closure of me Cyclostomatous Bryozoa,” Linn. SOc. 
Joum* vol. xvii. p. 400. 
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in the Spiroj^orce * or the Tuhuliporce ; yet, notwithstanding this, 
I think the species finds best, though insecure, place with the latter 
group. It has the long and partly free zoojcia of Tnhulipora^ and 
an inconstant habit of growth common to the genus. As a 
provisional name therefore seems to be necessary, I would suggest 
that of Tuhulipora inconstans. The transverse line or septum 
formed by the two layers of cells when back to back, as in the 
foliaceous forms (fig. 12), has somewhat of a lliastoporoid look. 

Through the courtesy of !Mr. Newton I have been enabled to 
examine the type specimens of Tate’s Spiropora Jiassica at the 
Jermyn- Street Muse\im, and it appears to me that the JSpiropora- 
like branches of Tuhulipora inconalans arc not only provided with a 
smaller number of zooocia to form an average-sized zoarium, but the 
zocecia are also much longer and somewhat broader. Their dispo- 
sition is irregular, whereas S. Uassica has a regular arrangement of 
the peristomes in each annulation and, moreover, the ordinary 
erect colonial growth of the Spiroporas. 

Horizon and Locality. From the Marlstonc Itock-bod, zone of 
Ammonites spinatus^ of the Middle Idas, King’s Sutton, Northampton- 
shire, also from the Transition bed btdwecn the Middle and Upper 
Lias at Apidctree, near Jlanbury, and at Jladby, near Laventry. 


Associated with the species above described arc two others in which, 
though the colonial and zocjccial forms are essentially difl’eront from 
it, the structural details are so closely mimicked as to mjiko thedr 
reference to other genera a m.atter of doubt. 1 have therefore 
described and figured them, but. have left the nomenclature until 
further evidence shall show their i)reciso relationship. 

Zoarium erect, uniserial, commencing as a straight or slightly 
undulating and often flattened simple tube, then dilating and 
throwing off a branch right and left, without, however, any cell- 
opening at the node, though a faint line of fusion is visible in the 
primary stem. The secondary branches or zocecia dilate also at 
each succeeding node where the single cell opens and a fresh zooecium 
begins. The branches diverge at an angle of from 45^^ to 50°, and 
the cell opens at a little distance above the point whence the new 
one has s^nung. Peristomes circular, in diameter of the normal 
width of the zooecium. The surface pores and subsidiary tubes are of 
the same character as in Tuhulipora inconstans. (PI. XXV. fig. 11.) 

Though out of the few examples collected some are erect, others, 
on the contrary, show some portion of the zooecium to be flattened 
as if the colony was partially adherent, and between this and the 
next group there seem to be connecting links. 

Horizon and Locality. From the Middle Lias, zone of 2tw- 
monites spinatu^. King’s Sutton. 

Similar forms occur in the Inferior Oolite of Dorsetshire. 

* Mr. Waters (Quart. Journ. Geol. Soc. vol. xliii. p. 340, 1887) 6<»8cribes 
and figures EntaU^hora wanyanuieneis with closures, and I have now Inferior 
Oolite species similarly provided. 

2x2 
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Stomatopora* sp. (PI. XXV. fig. 10.) 

Zoarium adnate, dilated at point of attachment, flattened or 
convex. Zooecia nniserial, large and frequently of extraordinary 
length (2 mi Him.), the free part then comprising two thirds of the 
length of a single zooecium and springing from the point of adherence 
at an angle of d5' , or, in some cases, almost vertically. The unat- 
tached portion of the cell is also sinuous and coarsely wrinkled, and 
though the surface-pores are throughout of the same type as in the 
species already described, they are apj^arentl}^ fewer in number than 
uj)on the adherent })ait. 

This form, so like a Stomatopora, is distinguished from any de- 
scribed B 2 )ocies of that genus l>y the greater length of tlie free parts 
of the zooecia, and also b}^ their size and the distance from peristome 
to peristomes. 

Horizon and Locality. From the Middle Lias, zone of Am- 
monites spimttus. King’s 8utton. 

Addendum [September 16, 1887]. 

The qufirry from which these Polyzoa have been collected is 
noted as having jdolded many beautiful sj)ecimcn8 of both Mollusca 
and Corals, and amongst the rarer forms mention may bo made of 
Spiriferlna o^vygona, E. Desk, Pecten te.viorim^ Schl., Mytilas avio- 
thensis, Ihiv., Perna IngdnnenK^^ lliimort., 1 *lc n rot om aria mirahilis^ 
E. T)esl., Thamnastrtva FAheridgii ^ I’omes, and Astrovoinia^ sp. 
The Foraminifera are well rcq)resentod, the examples of Dent(dina.^ 
Nodosaria, Margimdhui, Vagimdina., and CrisfeJ/aria being excep- 
tionally large, whilst species of Frondicidaria, (rlandidina^ and other 
genera occur also. An interesting addition to our fossil fauna is 
made by the discovery of small forms of (Jalcis 2 )oiigiiC, which I have 
submitted to so eminent a specialist as Dr. Hinde. He writes not 
only that their condition is simply marvellous, but that they belong 
probably to the existing group of the Leuconidse, examples of which 
do not seem to have been found previously in a fossil condition. He 
reserves their description for his forthcoming monograph. 

EXPLANATION OF PLATE XXV. 

Fig. 1. Tuhtilipara inconstans, sp. Ji., foliaeeous form. Xl2, 

2. Tlio same, zooocium with closure. X40. 

6. The same, worn zooecia showing surface-pores and subsidiary tubes. 

X45. 

4. The same, erect, Spiro }X»'a-\\ko form, showing ooecia. x20. 

6. The same, cvlindrical form, x 25. 

6. The same, showing fine threads upon the surface of the cells. X 25. 

7. The same, erect form, showing free proximal ends of zooecia. X 13. 

8. The same, flattened form of irregular growth, throwing off* cylindrical 

branches. X 14. 

t). The same, showing ooecia. X30. 

10. Stomafopora, sp. X2.5. 

11. ^ecies not determinable. x25. 

12. 'Ikibulipora- incotistaTis, end of flattened lobe. X 30. 

* I have since found the same species in the Inferior Oolite of Dorset. Its 
wd.l-marked distinction from other forms will induce me to name it Stomata- 
pora dtmgcda. 
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44. On the Shpebpiciax Geology of the Southern Portion of the 
Wbalden Area. By J. Vincent Elsden, Esq,, B.Sc. Lond., 
F.C.S. (Bead June 23, 1887.) 

[Communicated by the President.] 

Introductory. 

More than thirty years have elapsed since Sir lloderick Murchison 
published his well-known paper “ On the Distribution of the Flint 
Drift of the S.E. of England on the Flanks of the Weald and over 
the Surface of the North and South Downs The observations 

contained in that paper are stated by the author to be tar from com- 
plete, and offered chiefly tn elicit further inquiry and discussion. 
Since that time the 6-inch Ordnance maps of tliis area have been 
completed, and the superficial deposits of a considerable portion of 
the district mapped by the Geological Surve 5 ^ No detailed descrij)- 
tion, however, of the nature and extent of the various drift-gravels 
of the southern portion of the Wealden area has been published 
since the completion of the accurately contoured maps of the 
Ordnance Survey. Apart from the imi)oi*tanco attaching to any 
new investigations relating to the question of Wealden denudation, 
the superficial deposits of the area under consideration are of 
interest on account of their extremely scanty occurrence, many of 
the drift-beds to be hereafter described consisting of nothing more 
than a thin coating of flinty loam, or of the mere fragmentary 
remains of old beds of gravel. But in all cases the limits of these 
beds are sharply defined, and their relation to the present contours 
easily established. The following observations are offered as the 
result of a somewhat detailed examination of a considerable part of 
this area during the year 1886, but the invest igation has of neces- 
sity been limited to the district lying between the central dome and 
the chalk escarpment of the South Downs. 

It will be convenient in the treatment of the subject to consider 
each river-basin separately. 

The Arun Basin . — In the higher parts of the Arun valley it has 
already been shown that the bills are capped by patches of angular 
chert, containing no flint, and representing probably the remains of 
the Lower Greensand escarpment when it reached further south 
than now+. Around Chiddingfold, Fisherlane, and Dunsfold 
Green there occur frequently thin patches of loam with Greensand 
pebbles, sometimes cemented into a conglomerate. This deposit 
occurs indifferently on the hills and in the valleys. On approaching 
Slinfold we find a good deal of true river-gravel on the Weald Clay, 
containimj flints., pebbles of Wealden sandstone, and Lower Green- 
sand ironstone and chert. On the central nucleus of Hastings beds 
itself flints occur at Amy’s Mill, near Horsham, where Mr. Drew 
obtained a single fragment of flint from the gravel I examined 

* Quart. Journ. Geol. Soc. vol. vii. p. 349. 
t Topley, ‘ Geology of the Weald/ p. 200. 


X Tbid. 
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this section with some care, in company with Mr. P. B. Head. 
About 8 feet of stratified gravel, consisting of waterworn Wealden 
fragments, with intercalated beds of sand, occur in some pits near 
Amy’s Mill Bridge, at no great distance from the river, and only 20 
or 30 feet above its level. After a careful search as many as seven 
angular fragments of flint were found, so thin and sharp at the 
edges as to render it improbable that they had ever been transported 
very far by ordinary river-action. A few of these angular flints 
may be found lying on the surface of the ground in the fields to the 
south of Amy’s Mill Parm. This occurrence of flints on the flanks 
of the central dome is extremely rare. Murchison, in fact, states 
that flints do not occur in this i)ortiori of the Arun valley. 

During the remainder of its course through the Weald-Clay 
country there are few deposits of any remarkable extent beyond 
loams, sometimes containing concretionary ironstone, which is often 
ploughed up, and was originally smelted. Between Budgwick and 
the Lower Greensand escarpment these loams occur on both sides of 
the river, greatly improving the agricultural value of the land. In 
those loams angular fragments of chert arc found in great abund- 
ance, together with some chalk flints. 

To the south of the Lower Greensand escarpment, however, there 
are extensive deposits of angular gravel, resting chi(‘fly upon the 
Lower Greensand, hut occasionally also upon the Gault and Upper 
Greensand formations. Those beds ai)pear to consist of i wo distinct 
kinds. In the first place, there is a true river- gravel, which occurs 
in patches along the course of the Bother between Pulborough and 
Cowdry Park ; but this lower river-gravel is sometimes difficult to 
separate from other extensive patches occurring at much greater 
heights above f ho presenf. level of the river. 

Sections of the lower gra vel are to be seen in several places in the 
railway-cutting between Coates and Pulborough. At Fittloworth 
from 5 to 10 feet of gravelly loam is seen, containing whole and 
broken flints, both angular and subanguJar, together with ironstone 
and chert, and occasionally a rolled pebble of flint. The junction of 
the Lower Greensand is often marked by the presence of large 
masses of ironstone ; but strat ification is only very slightly indicated. 
In some places the gravel has intercalated beds, 4 or 5 feet thick, of 
sandy loam, with only a few flints. Prom the abundance of flints 
on the surface this bed of gravel appears to extend over the whole 
area between Coates Common and Coldwaltham to above the 100 feet 
contour. At Hardham a pit shows about 6 feet of sandy gravel, 
with very marked stratification, the beds being sometimes violently 
contorted, and the same gravel is seen again at Hardham Tunnel. 
All these gravels agree in containing stones of very different sizes, 
from large unbroken flints to very small, sharp, shattered frag- 
ments, and chert and ironstone are very abundant. On the north 
bank of the Bother this gravel is again seen at Lower Pi ttle worth, 
where I procured a fragment of bone. On the very summit of 
Fittleworth Common, above the 100 feet contour, there are several 
pits showing good sections of gravel with a rude and contorted 
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stratification, and often penetrating the Lower Greensand in huge 
pockets. The diagram (fig. 1) shows an upper and lower bed of 

Fig. 1 . — Section on Fittleivorih Common, 








D. Angular gravel. 
O. Loam. 


B. Angular gravel. 

A. Mounds of rubbish. 


angular gravel, separated by an irregular bed of sandy loam con- 
taining no flints. This gravel continues past IjCc Farm to the river 
Arun, at Stopham ; but on the left bank of the river not. a flint is to 
be seen in the section at Stoi^ham Bridge, where a distinctly bedded 
river-gravel occurs, containing only Lower Greensand and Wcalden 
detritus. Thus, while the Ilother has brought down an abundance 
of angular flints, the Arun, emerging from the Lower Greensand 
defile, has accumulated only such detritus as is furnished by the 
Lower Cretaceous and Wcalden strata (sec fig. 2). 

Fig. 2 . — Section at Stopham Bridfje, 




Fig. 3 . — Section across the Valleys of the Bother, A run, and Star, 
(Horizontal scale, Vertical scale, 

Fittlevforth. Rother. Hardham. Anm. Wiggonholt. Stor. Hurston. 
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’With occasionally a very marked stratification. 
A similar gravel capping is found on the isolated 
r>0 feet contour t-o the west, of Amberley, and 
again at JIoughtr)ii, while, within tin* gorge, the 
gravels of North and 8ou1h Stoke, and the 
niaininaliferous gravel et, l^•p]lering, 80 feet 
above- tlje present level of the Aritu, have already 
been snfheieiitly noli(-ed*. 

At (iri-atham, on the bd’t bank of the Arun, 
tlie gravels differ chietly from those just di-scribed 
in containing veny much less chert. (Jhert, in 
fact, as a promincnit constituent of the gravel, 
is cofijined to the, right hanh of the We6"r, which is 
in striking harmony with the difference in com- 
l)osition and texture of the Greensand beds lying 
to the w'est of the river, wdiere a brittle and 
cherty stone succeeds to t he coirijiact argillaceous 
stone of Pulboro light. 

Gravel exbnids all along the loft bank of the 
Arun from Greatham through Hackham to Wig- 
gonholt and Wickfield Bridge, where two small 
tributary streams, the (diilt and the Stor, join 
the main river. Near Wiggonholt Common, on 
the very edge of the alluvium of the Arun, some 
jiits show t he following section : — 2 feet of white 
sand, with few or no Hints, nesting on a Jiarrow 
band, (i inches in width, of dark sand. Below 
this are 4 fc^et of sandy gravid, with small an- 
gular Hints and large lum])s of ironstone. On 
the summit of Wiggonholt Common, at a height 
of 132 feet above the river, the surface-deiiosit 
consists of a thin coating of angular flints, with 
a little ironstone, but no chert fragments. Traces 
of rude stratification are seen in this gravel in 
some of the sections, and the level is nearly 
the same as the highest gravel of Fittlewortli 
Common, on the opposite side of the river. 

The gravels of the 8tor, near Hurston, are an 
instructive example of the denudation effected 
by this small stream (see fig. 3). On each side 
of the river beds of gravel occur, extending 
above the 50 feet contour. There can be no 
doubt that these are old river-gravels of the 
8tor. At. Bedford sections are seen showing 
about 5 feet of ferruginous sandy gravel wdth 
contorted stra tification. In the lower parts flints 
are small and scarce, and the sand is finely 

* Mant^ll, ‘Geolo^ of S.E. England,’ p. 41. 

t Martin, * Geological Memoir on part of W. Sussex, 

p. 67. 
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laminated. On Hurston Warren the same gravel is seen in frequent 
sections, covering the small plateau between the two streams to a 
height of 50 feet. These gravels contain angular and subangular 
flints and ironstone, but no chert. It is in these valley- and terrace- 
gravels that mammalian remains have been found in several localities, 
as at Burton Park, Pittleworth, Wiggonholt, and Peppering ; and 
Murchison states that these remains only occur where the drift is 
protected from ijercolation by a capping of loam or claj^ 

But in addition to these gravels of undoubted river-origin, there 
are other de])osits which do not appear directly connected with the 
present river-system. From P(derslield to West Heath, and thence 
to Rogate, Trotton, and Midhurst Commons, extensive beds of angu- 
lar flint-drift, often mingled with ironstone fragments and chert, 
rise in places to 500 feet above sca-lcvcl and 1:100 feet above the 
present drainage-level. West of the Arun these beds of angular 
drift are most abundant bet ween the Ilother and the Chalk escarp- 
ment, but they do not usually occur either on tlu^ I ])pcr Creensand 
or Gault. The higher grounds, also, imar the summit of tlie Lower 
Greensand escarpment are cpiile frc'e from flints. JMurehison has 
described those beds so fully that nothing need he added hero con- 
cerning them *. East of the Arini, howevcu', upon or near the 
watershed hctweoii the Arun and Adur rivers, similar beds occur, 
and those will now be described in detail. 

Near Storringtoii, on ap])roaching the summit of the hill known 
as Sullington Common, angular flints become ]>lentiful, and several 
small i)its have been opened in a true graved-deposit of variable 
thickness, and extending in patches as far as Clayton on the west 
and W antloy on the north. The deposit is thiclaist on the highest 


Fig. 4 . — Suction on Sullimjlon Gontmon, 



.*i. Black sand, with bleached flints 
' 2 . Sanrl. with a few flints. 

I . Angular grav(‘l. 


contours of the Lower Greensand, which reach the height of more 
than 200 feet in this district. A pit near the Wasliington road shows 
from 1 to 5 feet of stuidy gravel, the upi)er ]>art bleached, the lower 
part ferruginous. The flints vary from a diameter of four inches to 
the smallest fragments, some of which are so angular and fresh that 
their edges cut like a knife. Ironstone occurs sparingly, but chert 
is apparently absent ; below the gravel is found sand, with a few 
flints here and there. Scarcely any traces of stratification can be 
* Quart. Joum. Geol. Soc. vol. vii. p. 349. 
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detected in this section, and, after a long and careful search by Mr. 
P. R. Head and myself, no traces of any flint implements were dis- 
covered. In 1881 a pit was opened near the windmill, in which, as 
on Fittleworth Common and elsewhere, the deposit consists of two 
distinct parts, angular gravel and an irregular bed of sand contain- 
ing few flints (see diagram, fig. 4). Obviously connected with this 
spread of gravel is another smaller patch on Kithurst Warren, at a 
height of 150 feet above sea-lovcd. In a small pit in the lir planta- 
tion cont<ortcd stratification is visible, and the angular gravel over- 
lies an irregular bed of sand conf aining onlj' a few dints, and resting 
upon an eroded surface of Lowan* Greensand. The junction is well 
marked by a layer of ironstone and angular dints (see diagram, 
fig. 5). No flint implcanenis have beem detc^eted in these beds. 


Fig. 5 . — Section (it Coothani Firs. 



which continue at- intervals still further westward, reaching in 
Parham Park an elevation of 200 feet. Although this last locality 
is within a mile of tho alluvium of the Aniii, it do(*s not seem 
probable that these aocumulatious of lUnt-drifI have any connexion 
with tho lower rivor-gravols of AViggonholt and Greatham, beyond 
furnishing some of tho materials of whudi the latter are composed. 

Going eastward from Sullington Common towards the water- 
shed angular flints abound everywhere, and sections of thin gravel 
are plentiful above the 200 feet contour. This gravel rises to an 
altitude of 300 feet at Loiigbury Hill, wlicre it- is seen much mixed 
with largo masses of iroiistoin^. Tho best section in this patch of 
gravel is on the roadside at Gravel-pit Plantation, where 5 feet of 
ferruginous sandy gravel are exposed. Here there are very decided 
traces of stratidcation, often slight ly contorted. 8eams of clayey sand 
are intercalated with tho gravel, and the base, consisting of sand 
with only a few flints, rests upon an eroded surface of Lower Green- 
sand (fig. 6). This gravel lies exactly upon the watershed between 
tho Arun and the Adur (see tig. 11, ]). G5(»). Continuing along the 
road from Washington to 8tcyning tho ground again rises above the 
200 feet contour near Lower Chancton Farm, aud hero again there 
are small sections showing a thin coating of gravel of the same 
nature as that of Longbury Hill. This patch of flint-drift appears 
to extend past Buncton to Guess’s Fai-m, but disappears on descend- 
ing below the 100 feet level on the north. A striking feature of this 
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deposit is its extension in a thin band from Lower Chancton Farm 
past Kew Common copse to Lock’s Farm, right at the hose of 
Chanctonbury Hill, thus forming a remarkable exception to the 

Fig. 6 . — Section on Longhnry Hill, 


3 


I 



Aiif^ular gravel, with seams of c'lay^’.V sand. 

* 2 . iSaiul, wilij a h‘vv angular llints. 

1. Lower Green.saiid. 

almost total absence of broken flints from tlio Gault and Ui^per 
Greensand of the rest of the Arun basin *, 

The Atlur Baain . — Leaving tlie W'atorsh(ul at Longbury Hill, tho 
ground rises between Ashington and West Grinstead in a long ridge 
to a height of lu^arly 1 5(.) feet at Hookltinds and 1 SO feet at AVindcavo’s 
Farm. Thence there is a gradual fall to Iho level of tho river at 
West Grinstead. The whole of this ridge, consisting of Weald-clay, 
is covered thickly with whole and broken flints, intermingled wdth 
a few small fragments of ironstone, ’i’he boundaries of this bod of 
drift are very clearly defined on the north-west by the small stream 
running past lienton's Iflace and New Earn, and on tho south-east 
by a line running from Hook Farm fo Clothairs Farm. This ridge 
is separated by a deep valley from th(^ high ground at Asburst, 
which readies an elevation of .S3 fe(‘t near Ihjpper’s P'arm. Here 
also a coating of angular flints is seen njiGn the surface of tho 
Weald Clay and Lower Greensand, and several small sections occur, 
showing 1-2 feet of gravel. The fliiifs are ficcasionally ccmicnted 
into a dark ferruginous breccia. As at West Grinstead, tho drift 
extends right down to the margin of the river. The banks also of 
the small stream running past Honey Jiridge have a narrow fringe 
of gravel, extending in places uji to the oU feet contour. Following 
up the course of the Adur towards its source flints occur again 
to a slight extent near Shipley, but after passing Coolhain their 
occurrence is extremely rare. 

Undoubted river-gravels of the Adur occur at several places on 
the right bank of the river between Binoham Phidge and Bramber. 
At Heath Barn, near Horsebridge Common, they cover the 50 fet^t 
contour, but around Wickham Farm they reach the height of 05 foot. 
A thick coating of flints is seen again on the opposite side of the 
river at Streathara, but at no great height above the stream. Nearer 
Steyning tho railway-cutting exposes about 3 feet of gravel at a 

* This does not apply to the Gault near the banks of the Arun, which, at 
Wiggonholt, Hardliain. and Timberley, is covered with river-grave*, as previ- 
ously described. 
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height of 30 feet above the river, with angular and subangular flints 
and very imperfect traces of stratification ; and again south of 
Steyning railway-station the 50 feet contour is covered with a similar 
deposit. These gravels contain chiefly flints, Wealden sandstone, 
and a little ironstone, and difier totally in composition from the 
gravels in a similar position with respect to the Arun valley, 

(Crossing to the eastern side of the Adur valley, a long narrow 
ridge of gravel and flinty loam is found extending from the river- 
side at Catsfold, past Henfield to Bilsborough and Blackstone Farms. 
The flints are thickest above the 50 feet contour, and small sections of 
gravel are to be seen at Henfield in the pond at Henfield Place, and 
also near Parsonage Farm. The highest points reached by this drift 
are 103 feet at Furner’s Farm and 100 feet at Wantley Farm, thus 
nearly corresponding with the highest gravel on the opposite side 
of the river at Ashurst (see section, fig. 13, p. The influence of 

drift loams on the stiff soil of the Weald-clay is well seen at Park 
Farm, where the fields on the southern bank of the stream have a 
light, friable soil, contrasting strongly with the bare Weald-clay on 
tW uortliern bank. Smaller patches of flinty loam ooomv at Bihh B 
Tarmand also at Chates, whert^ it is strongest on the isolated 50 ftot 
contour. Tho long ridge of detritus just mentioned bordi;rs and 

faces tho stK^am running duo west fr®®, thlse 
south of a lino drawn from Tic. field to Jflackstone betwoOT ttoe 

points and tho chalk csearpmo.it scarcely a flint ^ ’ 

altliougli a good deal of the ground lies abov<. the 100 foot 

Goi4 eastward Irom Jflackstono Ihc ground to “rees 

and between Albournc and llnrstpierpoint we Jt from 

of tlm small tributary streams which dram "'^0 CuUe Broc^k trom 
tho sontli These siroanis l.avo cut small vallop into a plateau 
covered with angular Hi..t diifl. This is '7, * 

Albourno ITace, where the flints are most numerous hi„h^ 

level, 13(5 foot above the sea ; aud again at Kindpit 
Wood, .ind theneo to Dariuy Turk and 

of gravel mav ho seen .ibove the ‘JW f..ot contour “*■ 1^^7“ ^ 
socHoii ti-' la p. or..!). Throughout the whole of this district the 

iiletelv free. This spread of drift eaii be traced along ^iew i^ane 
ii SUmecroft Copse and theneo to Cekenden’s W ood, intruding into 
the GroenL.,d .dmost to the very foot of 

Around Clayton the drift is absent, but a small patch ot flmt-eovered 
tu L a-a u se". on the new .oad, near the Halfway-house, resting 
Upper Oree..sand. These spreads ^ 

scarcely be referred to the existing streams, sinct. thej occupj 
highest contours, and are vtny near the main watershed 
From this plateau-drift, however, true river-gra^el 
loam have been formed on the left bank ot the 

from Hassock's Gate to Danworth “f 

Hiekstead Bridge the Weald-clay is “ the riSLk 

anstular flints, which are almost entirely absent on the right bauK, 
3 P^evhig iheir derivation from the higher grounds aronnd Hurst- 
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pierpoint. All these gravels agree in containing both angular and 
Bubangular dints, very little ironstone, and no chert or Wealden 
sandstone. 

We now come to the line of watershed between the Adur and the 
Ouse, the elevated ridge running through Oitchling to Burgess Hill. 
At the village of Keymer, half a mile from Ditehling, small traces of 
Hint-drift are to be seen near the Post Office ; but on ascending to 
the summit of the water-parting at Lodge Hill, 278 feet above son- 
level, the fields are again strewn with an abundance of flints, which 
become thickest near Oldland Windmill. This bed of gravel is 
entirely confined to the summit of the watershed, and disappears 
abruptly on descending below the 200 feet contour in any direction, 
following the line of watershed from Ditehling to Burgess Hill Iho 
surface is at first depressed, and there is no sign of any drift; but 
the moment we ascend the highc^r ground at Burgc'ss Hill small 
sections of gravel, from 1 to it feet in thickness, again api>ear at about 
200 feet elevation. The Hints here are as angular as any observed 
elsewliercN and they rest upon the W(‘ald-elay. On tlu^ hill at 
luholmes Farm the clay has been extensively work(^d for bricks and 
pottery, and on closely (examining tlu‘ sections inimerous pockets of 
gravel arc* seen, sometimes dipping fi*om 2 to ft'ei. into the clay and 
then again thinning out and ])erhaps (‘iitirely disapju'aring. The 
flints are very angular, no trae(;s of straiiiication are hen; visible, 
and there is very little admixture of ironstone. The general 
appearance of these remnants of angular gravel is ^represented in 
the diagram (fig, 7). Again, at Oathill Farm the fields are thickly 

Fig. 7 . — Section at Inhohaes Farm. 



1 . Weald olay. li. (rravt'L 

strewn witli angular flint s to a height of 181 feet above the sea-level, 
or 80 feet above the h‘vel of the rivt‘r. From this point the gravel 
descends to the riv(*r, and forms a well-mark(Ml bed along its h^ft 
bank, the right bank at Wivelsfi(dd and Lunceshill being quite 
free from any detritus, nor was any trace of this gravel found in 
the lower groun<ls lying to the west of tin* line of railway. An 
interesting feature of this gravel at Oathill is that it rests partly 
upon the Hastings beds, and, uiilikt; the gravel at Amy’s Mil), near 
Horsham, previously describc*d, it consists almost entire!}’ of angular 
flints, with only a very small admixture of Wealden fragments. 

Crossing now the valh*y between Burg<*ss Hill and Ditehling 
Common, the gravel reap])f!ars at the lattc'.r jdacc on rcraching an 
altitude of from 170 to 200 feet, and at Ditehling Potteries several 
sections are visible, showing from 1 to 5 feet of angular flint-gravel 
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roBting upon Weald-clay. In some cases faint signs of stratification 
are visible, and there are intercalated seams of clay. Many of 
the larger stones have their axes horizontal, and, as at Inholmes 
Farm, the gravel penetrates eroded hollows in the Weald-clay 
beneath. The angular flints continue to occur in patches wherever 
the ground rises above thc^ 260 feet contoiir, and thick coatings 
may bo seen covering the fields near Middleton Common Farm, 
and again in parts of Jilack brook Wood ; but tho drift suddenly 
disappears on descending to the loAver levels north of Plumpton 
Green. 

Thus wo SCO that the line of watershed from nerir the chalk 
escarpment at Ditclding to the very edge of the central dome of 
Hastings beds still retains, on its highest levels, isolated patches of 
angular gravel, in every respect resembling the watershed grjivels 
previously described near Sullington and Heath Common ; while 
along the margins of the Ad\ir and its tributaries there occur, in 
several loealitic^s, true river-gravels at various hm'ghts above the 
present level of tlie water. 

The Ouse Basm , — Descending from the watershed at Ditchling 
Common, a small belt of river-gravel may be traced along the 
course of tho stream which flows from Iflackbrook Farm X)a8t 
riumpton llaiUvay Station. This stream joins tho Ouse at liar- 
combo Mill, near which gravels occur in sevt'ral localities. One 
patch occupies the 50 feet contour at (^rink Hill, and ascemds at liar- 
combe Cross to an altit ude of 1 66 feet above sea-level, or nearly 70 
feet abov(< the prescmtlevel of the Ouse. This gravel contains flints, 
Wealdon-sandstone and Lower-Gr(‘ensand dehrisy and rests upon 
Weald-clay. It is s<‘pa rated })y a small valhy from another similar 
patch at liarcombe village, wht^re it occurs at a height of 126 foot, 
near the wdndmill, while a third patch is so(‘n at Jiaiiks Farm, on 
the north of the stream wdiieh runs from Plumpton. About a mile 
north of Cooksbridge the ground rises considerably, and near Folly 
Farm the 200 feet contour is rtaichcd. Here angular flints again 
become numerous ; but it does not secern probable that these have 
any connexion with the jircsent drainage-channels, since they 
occur at some distance from any existing stream, and are considor- 
ahly higher than the gravels at Barcomhe. In levfd they agree 
with the watershed gravels at Ditchling previously described, and 
they may i)ossil)ly be the last remnants of a plateau-drift. 

Cont inuing along the margin of the Onso, gravel with many angu- 
lar flints occurs again at Jforth End, near Hamsey, where it attains 
an elevation of about 60 feet above the sea-level, and near Welling- 
ham, on the oppositt^ side of tho river, other small patches occur at 
nearly tho same altitude. These are about 50 feet above the level 
of tho river, and are evidently old river-gravels of the Ouse. At 
about the same level we find gravel at Mailing House, near Lewes, 
and again on the opposite hank of the river in a well-defined 
terrace between the 50 and 100 feet contours. A good section of 
this gravel is seen in the railway-cutting near St. John’s Farm. 
The &nt8 are very angular, but there are some Tertiary pebbles. 
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Although this is uudoubtodly a terrace-gravel, scarcely any signs of 
stratification are visible in this section. South of Lewes gravel 
occurs on the summits of the two low hills, called respectively 
Upper and Lower Rise, at an elevation of nearly 50 feet above the 
level of the alluvium. Besides flints, some Tertiary and Wealden 
pebbles occur here. The whole of the 8loj)e bordering the alluvium 
between Kingston and Rodmell is covered with angular drift, up to 
the 100 feet contour, making a well-defined terrace-gravel. At Rod- 
mell windmill there is an interesting section of this gravel resting 
upon the Lower Chalk, into which it penetrates in deep pipes, 5 or 
6 feet deep. The gravtl here consists of angular and subangidar 
flints, apparently less angular than the watershed-gravels, with a 
lot of small Wealden ])ebbles, dissi^minated through a clayey loam. 
The pipes have a well-defined coating of claj^ with only a few 
flints, between the gravel and the chalk, ii phenomenon which has 
previouslj^ been noticed in connexion w ith gravel-pij)es in calcareous 
rocks *. 

Crossing now to the eastiTn bank of the Ouse, from Beddingham 
to West Firle, and thenc(^ to th(; railw^^y at Burgh Bridge, a good 
man 5 ’^ flints are scattered ov(*r the surface in a thin band parallel to 
Glynde Reach, and occupying generally the 50 feet contour; but no 
sections w’ere noticed showing any deptli of gravel. Jhitween West 
Firle and Selmestoii <also the fields usually have a plentifid coating 
of angular flints, especially near Ripe Crossing and Sherrington. 

So far as the; rivcr-grav(ds are eonct^rnod, the Ouse north of 
Barcombe has very few patches of any importance, although small 
deposits occur at Isfiold, Little Ilorsted, Buckham Hill, and Buxted 
Park, while loams and brickeartli occur ncjir Sheffield Bridge and 
Lindfleld. On entering the Hastings-beds eonntry flints no longer 
occur either on the surfaces or in th<‘ river-gravels. 

The watershed between the Ouse and Cuekmero passes through 
Selmeston, and on approaching the higher ground near this place 

Fig. 8 . — Section at Sehnestoa Cfmrvh, 


2 


1. Lower Greensand. 2. Gravel. 

flints become more abundant, until near Selmeston church a good 
section is seen showing 7 or 8 feet of angular gravel resting upon an 
eroded surface of Lower Greensand. The flints here are very 

* Prestwich, Quart. Joum. Geol. Soc. voL jd. p. 79 ; and Foster and Topley, 
** Superficial Geology of the Medway,” Quart. Joum. Geol. Soc. voi. xxi. p. 4do.' 



648 


MK. J. V. ELSDEN on the StrPEKPlClA.L QBOlLOaT OP 


angular, and there is but little admixture of ironstone, l^o tr 
of stratification is to be noticed, and the gravel sometimes mak^ 
huge pockets in the Greensand below (see diagram, %. 8 }. It is 
mteresting to find this bed of gravel rigidly confined to the 100 feet 
contour, which eiitendB iiom t^elmeston to Berwick Station, where 
sections are again visible in the railway-cutting. On descending 
this ridge and ascending again to a similar level on the isolated bill 
at Mayo the Bint-drift reappears, capping the hill, but not a trace 
is to be seen in the lower grounds to the north around llipe and 
Laughton. Approaching the Ouckmcre river there is only one 
locality in which the 100 feet contour is reached, and this on a small 
hill immediately overlooking the river, about half a mile south- 
west of Scssingham. The altitude here is 11 0 feet, or nearly 
00 feet above the level of the river, and this hill is again capped 
with angular fiint-gravcl. This is so evidently an outlying patch 
of the gravel at Selmeston and Berwick Station that it is noticed 
here, although the locality is well within the Ciiokmere basin. 
The Selraeston gravel extends southwards as far as Berwick church, 
overlapping the Gault and part of the Upper Greensand. 

Thus in the Ouse basin wc find an exact repetition of the 
phenomena observed in tlio basins of the Arun nnd Adur, viz., well- 
defined river-gravels bordering the streams at various altitudes, and 
traces on the watersheds of an old ])latcau-drift which furnished 
part of the materials for the giavels of the lower levels. 

T/ie Cuckmere Basia. — TTie gravds which have just been 
described as occupying heights of 1(K) feet or more above the 
sea-level at Berwick 8tatioii are intimately connected with other 
hods at a lower hivol, which sf>ora to be of undoubted river-origin. 
The reason, for the close jwoximity of these graved s is to l)o found in 
the narrowness of the Cuckmere) valley and the small distance 
intervening between the river ariel its watershed. The lower gravel 
is to bo seen on descending tlie hill at Berwick church, towards 
Lower Berwick. Urom this point it extends past Winton to 
Alfriston in a narrow band, fringing tho river at between 25 and 
30 feet above its present level. On the opposite side of the river, at 
Milton Court, it occurs again, and several patches of angular flints 
arc to be found higher up the river, as at- Ilighfield Lank and 
Milton Barn. Near Milton Crossing a good section of this lower 
gravel is to be seen in a cutting souGi of the railway, where 3 or 
4 foot of loam and gravel, full of angular flints of all sizes, rest upon 
an uneven surface of Lower Greensand. There are hero distinct 
traces of stratification, although the flints are very angular. This 
bed of gravel covers the 50 feet contour close to the river. Similar 
gravel occurs at the same elevation on the opposite side of the river, 
and again near Chilver Bridge, where the whole of the 50 feet level 
is thickly covered with angular flints. 

Between this point and Michelham the banks of the idver consist 
of low mounds of loam, with many very small Wealden fragments 
and a few flints ; hut at Michelham Priory there is a small bed o 
river-gravel, chiefly composed of waterwom Wealden pebbles 



THE SOUTHERN PORTION OF THE WEALDEN AREA. 649 

together with a few angular flinis, but at no great elevation above 
the river. 

Approaching the eastern watershed of the fcuckmcre, rraces of old 
flint-covered surfaces again become visible on the highest contours. 
Thus, in Abbot’s Wood, near the lioyal Oak public-house, indica- 
tions of a thin coating of angular flints occur at an elevation of 
134 feet above sea-lcvel, and again at New House at a height of 
136 feet. A striking example of the occurrence of this flint-drift on 
the highest levels only is to be seen in a field near Eastland 
Coppice, where the highest level in the neighbourhood is reached at 
an altitude of 152 feet. Here there is an abundance of angular flints, 
with some Tertiary pebbles ; but vo sections occur to show any 
dei)th of gravel. Although these gravxds appear to be verj' thin and 
in fragmentary patches only, it; is interesting to note even the 
smallest traces of flint-drift on the watershed of this the last, and 
smallest of the rivers in the area under discussion. 

Of the deposits of the Ashlairn valley tluTc* is nothing to add to 
what has already been describtHl by Sir It. Mnreliison * and T)r. 
Mantelli". The superflcial deposits are ehietly loaius, from wliicli at 
Eastbourne many boTies of fossil Mammalia have l)een obtaiiu’id. 

iSiihaerial Deposits. — Jk‘sides the above-mentioned accuniiilationvS 
of angular flint^drift , thc! surface^ of tlie l.owc.'r (ireensajid in many 
localities has a few fe(‘t of sandy or loamy dejmsit containing large 
angular fragments of ironstone and geiuTally small angular flints 
sparingly disseminated throughout the mass. Jn thi^ majority of 
cases where this deposit is present thc surface of the rock below is 
greatly eroded, and ironstone is not present. From the constant 
manner in which these deposits confine thcjuselves to the outcrop of 
the 8andgatc beds, there can l>e litth^ doubt that Ihej' arci nicndy 
superficial accumulations. 

Occasional fiints, as well as l^ower-Greensand ironstone, are 
scattered over the surface of the Weald-clay t() the v<‘rv margin of 
the central dome. Tertiary pebbles alsf» are frctpienlly to l)e ined, 
with. These doubtless represent the remains of the strata wdiich 
formerly covered the M'cald-clay area. Flints, however, are much 
less fre(}uently met with on the Weald-clay of the Arun valley tlian 
in the case of the Adur and the Ous<*. 

Erratic Blocles. — Not a single instance has ])een iiotic(^d of the 
occurrence of foreign boulders upon the surfacf' of th(‘ Wealden 
valle3’ itself, but I procured a moderated’ large grauitr* ]>ouider from 
the summit of the Chalk escarpment. The boulder lay amongst a 
thick coating of flints on some ploughed land at Kitliurst, close to 
the edge of the escarpment, and exactlj- upon the 600 feet contour of 
Kithurst Hill. The occurrence of this boulder is so remarkable 
that it merits a more detailed description. The mass weighed 
between 5 and 6 lbs., and had an irregular shape, with a rough 
surface destitute of an^^ signs of scratching or polishing by ice- 
action, When broken it exhibits the structure of a moderately 

Quart. Journ. Geol. Soc. voL vii. p. 
t ‘Gteology of .S.E. England,’ p. 43. 

Q. J. G. S. No. 172. 2 y 
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coarse-^graiued granite, with an abundance of pink and white 
felspar, and small grains of quartz. Black mica is also present. 
Although the rock is much decomposed, 1 prepared a thin slice for 
microscopic examination. In this the felspar is seen to predomi- 
nate largely and is almost wholly kaolinized, scarcely any of it 
retaining the depolarizing power. Iron stains are common along 
the edges and cleavage -planes of the crystals. The quartz is in 
irregular grains, and somt.dimes discoloured by decomposition-pro- 
ducts : the grains are g(uierally cloudy, owing to the ])rc8ence of 
innumerable minute fluid- or gas-cavities. The mica is biotite, very 
dark and strongly dichroic. Hornblende does not api)ear to occur, 
but some ojjaque patches of magnetite are to be seen. The section 
bears a strong resemblance to a specimen of Peterhead granite in 
my cabinet. 

Until the conve 3 %‘i,nce of this boulder to its position on the Chalk 
tiscarpmcnt by natural transport is crnifirmed b)' tlio discovery of 
other blocks, it will be betbn* not to venture upon an}" theory as to 
its origin, especially as the ])rescnce of errati(‘s in such a position 
would necessitate a modihcation of aece])ti‘d views respecting the 
phj’sical condition of the south of England during the (ilacial 
epoch. 

General Concla^ilons , — Althougli it is clear iji mail}' cast's that the 
gravels just described bcutr a close relation to the present drainage- 
channels, and old liver-beds are easily to be recognized at various 
elevations above the ])rosent wattir-lovid, yet there are niany 
difliculties to be encountered whtm it is endeavoured to explain the 
origin of the beds of angular drift which lie oitlior upon the main 
watersheds or upon the higher contours far removed from existing 
rivers. Sir 11. Murchison maintained that all the ]>ed8 of angular 
drift within the Wealden area, irrespective alike of their position 
with regard to the river-v alleys, their composition, or the evident 
traces of stratification which many of them reveal, arc; the results 
of an agenc}" of vast intensity,’’ of a former j>oworful but transient 
current, wliich “ denuded the surface of the bare rocks in many 
parts, and at the same time distributed broken matc'rials along a 
zone of limited width,” especiall}^ where the higher ridges arrested 
the progress of the current *. In support of this theory he dwells 
particular!}^ upon the want of stratification in the drifts of this 
area, and also upon the fact that in the more eastern portions the 
stones are more water worn, and finally give jfiace to bods of loam 
without any admixture of Hints. Mr. Martin supported this view 
with the statement that the Weald valley looks like a great water- 
channel after a flood — some parts being clean denuded, others loaded 
with drift t. Prof. Prestwich in 1851 agreed with Murchison in 
advocating the sudden, tumultuous and rapid accumulation of the 
angular drift, and Mr. Hopkins, in 1852, expressed similar views +. 

♦ Quart. Journ. Geol. Soc. vol. vii. p. 349. 

t ‘ Geol. Mem. of Part of W. Sussex,* p. 84 ; and * Phil. Mag,* ser. 4, vol. vii. 

p. 116. 

X Quart. Journ. Geol. Soc, vol. viii. p. xliv. 
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A general review of tlie evidence in favour of this view has been 
so recently given by Mr, Howorth* that it only remains here to 
examine how far the theory of a sudden flood will explain the facts 
described in this paper. 

In the first place, it becomes evident to anyone who carefidly 
examines these beds of drift that, instead of having been formed 
after the present configuration of the land had been established, and 
having been arrested here and there from some rapid current, all 
the evidence points to an interruption in the continuity of the beds 
by the subsequent lowering of the valleys by denudation. The 
accompanying sections, drawn across the river-valleys, point to the 
existence of an ancient drift-covered plateau lying between the base 
of the Chalk escarpment and the margin of the central dome (see 
figs. 10—12). Denudation has destroyed almost every trace of this old 
plateau, except on the higher grounds, near the watersheds, and even 
here the remnants of the drift are thin and fragmentary, and are cut 
through by the smallest depressions. This is especially noticeable 
around Ilurstpierpoint , Ditchling, Burgess Ilill, and Berwick. In 
fact wherever the smallest trace of the plateau-drift has been pre- 
served it is invariably confined to the highest contours, and ends 
abruptly on passing a certain level. From this ancient plateau the 
flint-drift trails out in the direction of the streams, forming lower 
terrace-gravels of more recent origin. 

Murchison^s statement that the gravels become more waterworn 
in the eastern portions of this area was not borne out by my observa- 
tions, the gravels at Selmeston and Berwick being quite as angular 
as any of the more western drifts. Moreover, the theory of a strong 
currcni‘ out from the west is scarcely in harmony with the 

local cha racier of the drifts of difierent arenas. Thus at Jfardham, on 
the right ])ank of the Ariin (fig. 3), the gravels coiitain an abundance 
of ironstone and chert from the Lower Greensand, and these sub- 
stances occur at no groat distance from the river. But on 

the left hank of the same river chej^ is much h‘ss plentiful, and 
becomes quite rare in the gravels of the up])er ]>art8 of tho eastern 
tributaries, which do not flow through districts in which chert is a 
constituent of the rocks. Jronstont? also, which is abundant in the 
gravels of the Arun nnd Adur, becomes quite scarce in the valleys 
of the Ouse and Ouckmere, where the Ix)wer Greensand is lower 
and thinner and only occasionally contains hands of ironstone. 

This same connexion between the materials composing tho gravels 
and the composition of the underlying strata may also be noticed in 
the watershed gravels. Thus the drift at Petersfield is stated by 
Murchison to consist only of flints: further eastwards it becomes 
mixed with chert and ironstone ; but at Longhury Hill, between the 
Arun and Adur basins, scareelj^ any chort is to be found, although 
an abuudance of ironstone occurs both in the gravel and in the 
underlying strata. At Ditchling and Burge^ss Hill even the iron- 
stone is far less common, and at Berwick it becomes quite insignifi- 
cant. The Arun gravels, .-igaiii, contain no considerable quantity' of 
Geol. Mag., Nov. 1882, p. 509. 
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flints until after receiving the Itother and the Stor, two tributaries 
which rise near the Chalk escarpment. The Adur, in both its 
western and eastern branches, has flint-gravels only where its 
tributaries rise in the flint-covered surfaces near its watersheds. 

Any tumultuous easterly current would certainly have mixed up 
the detritus to a sufficient extent to have obliterated any such 
evidences of a purely local origin. The theory, therefore, of a 
torrential current, while certainly not required for the explanation 
of the lower gravels, is inadequate to account for the origin of even 
the watershed-drifts. 

Let us now endeavour to compare the drift-phenomena of Sussex 
with those of neighbouring districts. When wo turn to the 
northern watershed of the Wealden area, we find there, as Mr. 
Topley has long ago pointed out, extensive deposits of gravel, nearly 
all of which can be referred to the action of existing rivers when 
they flowed at a higher level. But in two separate localities gravel 
deposits occur, the origin of which is not so clearly established. One 
of these is at Limpsficld, at the western end of the Ilarent valley, 
where a coarse angular gravel occurs on the watemhed^ 500 feet above 
sea-level. The other is at Warren House, near the eastern water- 
shed of the Stour ^ where gravel containing Tertiary pebbles caps a 
hill 300 feet above the sea. Of these tAvo patclu's of gravel Mr. 
Topley remarks that, under any theory, they are difficult to taccount 
for, and their origin must for the present bo left undecided*^. We 
see therefore that there is a general agreement in the drifty-doposils 
of the northern and southern portions of the Weald. In both cases 
we find river-gravels, and also gravels on lh(j watersheds, of which 
the origin cannot be traced to any existing streams. 

If, now, we extend our observations beyond tlie Wealden area, we 
find, in Hampshire and the Isle of Wight, gravel- dejjosits which 
Mr. Codringtoii considers to be of far greal-er age than the valley- 
gravels of the rivers t. These gra\"els reach an elevation of 420 feet 
ill the New Forest and 300 feet on Headon Hill. Now no one can 
avoid being struck by the close resemblance between the Ileadon- 
Hill gravels and those of the Wealden area of West Sussex. Mr. 
Topley has already suggested a possible connexion between the 
angular gravels of Midhurst and Kogate Commons and the higher 
portion of the great Ham]>shire sheet of grav<‘l in its easterly ex- 
tension. Mr. Prestwich, again, in describing the Quaternary 
phenomena in the Isle of Portland and around Weymoutli, says: — 
“ Capping the high chalk ranges of Upton, the White Nore, and 
Abbotsbury, is a thick bed of perfectly angular sharp chalk-flints in 
a reddish clay reposing on a deeply-indented surface of chalk, while a 
similar angular drift composed of fragments and masses of chert and 

ragstone caps the Upper-Greensand hills north of Abbotsbury 

I merely refer to them as having been the storehouses whence much 
of the latter drifUbeds have been supplied ” Devon and Cornwall 

Topley, ‘ Geolo^ of the Weald,’ p, 297. 

t Quart. Journ. Geol. Soc, vol. xxxvi. p. 549. 

X Ibid. vol. xxxi. p. 41. 
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also show abundant traces of plateau-gravels, at heights varjdng 
from 300 to 1200 feet above sea-level. The mf terials of these 
gravels are mostly of local origin, and, while the slopes of the hills 
are free from drift, the valleys have abundant gravel-deposits up to 
100 feet above sea-level 

Now when we look for an explanation of these phenomena, 
which are seen to be general over the whole of Southern England, 
it is evident that we must accept one of two views. Either the 
higher plat-eau-gravels are the oldest, and the lower valley-gravels 
represent former river-beds, and are conscqiKMjtly a measure of the 
denudation which has been effected siiute their deposition ; or all 
those patches of gravel have been deposited since the excavation of 
the valleys, their sporadic character being due cither to a kind of 
Bolectivc deposition, or to a subsequent process of selective denuda- 
tion. The fomicr theory has been sufficiently jnoved by Mr. 
Tojiley to hold good for the gravels of the northern portion of the 
Wealden area, and the phenomena described in this paper respect- 
ing the southern portion tend to a similar conclusion. 

The chief advocate of the marine theory is Mr. ISearles V, Wood, 
who, in an elaborate contribution to this subject as late as 1882 1, 
discredits the view that there has been any considerable excavation 
of the Wealden valleys since the deposition of these gravels, which, 
he states, were accumulated either under the sea, or in estuaries as 
the sea was invading or retiring from the land. 

An examination, however, of the facts described in the earlier 
portion of this paper shows the extreme difficulty of accounting for 
the gravels of the southern portion in this manner. AN’hether we 
examine the valley of the Kother at Fittleworth, the Aruri at Hen- 
field, Wickham, and Stoyning, or the Ouse botwetm llarcombe and 
Rodmoll, the ttrrac(-(fn(veh ahvai/ft sfofte fjenihj towartla the rlvera, 
(Did terminate ahrapthf in the ojiposite direction. Could any process 
of selective dej^osition or selective denudalion by the sea explain 
this fact? Again, let us consider the jdateau-gravel of the Adur 
watershed at llitchling. Here we find three or four isolated hills, 
close together, each capped with gravel, and in each case the inter- 
vening valleys are free from drift. Is it not more in accordance 
with the fundamental princi]iles of geology to seo in this fact the 
excavation of the valleys subsequently to the accumulation of the 
drift, than to imagine some unintelligible process of selective depo- 
sition on the summits of these hills, when submerged beneath the 
sea, or a peculiar process of denudation, which during emergemee 
swept the valleys clear and left each hill-top covered with drift ? 
An exactly similar but still more striking instance of the 
same kind is seen in the Cuckmere valley, where wo find isolated 
hill-tops capped with drift, even when an area of only a few square 
yards reaches above the particular contour to which the gravels are 
confined. 

Another argument against the view that the Wealden vallcjs 

Belt, Quart. J<mrTi. Geol. 8oc. vol. xxxii. p. 83. 
t Quart. Jourii. Geol. 8oc. vol. xxxviii. p. 690. 



THE SUUXHKKN POHTJON OF THE WKA LOEN AREA. (J«>5 

have not been considerably lowered since the (ilacial period is to be 
found in the existence of Crag deposits at Lonham, on the edge of 
the Chalk e8caq)inent, which points to the conclusion that the whole 
Wealden valley has been excavated since the Pliocene period 

When we come to consider the origin of the plateau-drift, we 
are met by considerable difficulty. The flints are the residue of the 
Upper Chalk w hich still covered a certain portion of this area after 
marine denudation had exposed the Hastings beds of the central 
dome, and probably also the higher portions of the Luwu'r (Jreensund 
escarpment. Similar flints, many of them anguhir and broken, still 
lie in great quantities upon the summit* of tlie Chalk escarpment, 
and in many jflaces, as at lleachj" Head, build up a considerable 
thickness of angular, ferruginous gravil, not. unlike the drift-gravels 
just described. The broken and shivered condition of the flints of 
the Wealden area has been attributed by Hr. S. V. Wood to the 
result of Jilternating frozen and warmer conditions of the surface of 
a soil which remained permaiumily frozen below 1*. 

But to account for the distribulion of the bt'ds of angular gravel 
on the higher grounds, and the evident traces of stratilieation which 
they ill many cases present, appears to rcMiuirc' sonietliing more 
than a mere letting down of the angular flints, in ])ru])ortion as the 
Chalk disapj)ear(*d, iijion an eroded surface* of the inferior strata. ; 
for if such a ])rocess has been going on during the recession of tlio 
Chalk escarpment, it should also lx* going on now, and flints should 
occur, along the base of the escarpment, upon the l'p}>or (jreensnnd 
and Gault. Yet it is just here that the flbif -drift is absent, exct'pi 
in certain instances near the watersheds, as near (dianctoubuiy and 
Clayton. An examination, moreover, of the diagrams of the w'aier- 
shed gravels is suflicient to show tliat such plienoinena as contorted 
stratifleation, intercalateHl beds of sand or clay, and altcjrnaiions of 
tine and coarse materials require some more powerful agent than 
mere subaerial deposition, however angular and confused the general 
character of the (Irift may he. 

It seems neeess.iry therefore to look upon the w’atershed gravels 
of Heath Common, Hitchliiig, and Berwnck as the n^mains of an 
eastern extension of the angular drift of llogate and other jjarts of 
West Sussex, and as a true subaqueous d(q>osit. 

SlTJIMARY. 

It will bo convenient, in conclusion, to sum up the results which 
it has been the object of the present jiapcr to prove, viz. ; — 

1. That the highest and oldest gravels of this area occur only in 
patches in or near the watersheds ; that, although a])par- 
ently without fossils, these gravels exhibit some traces of 
subaqueous origin, and may possibly be contemporaneous with 
similar deposits occurring throughout the southern counties of 
England. 

Prestwich, Quart. Joum. Geol. Soc. vol, xiv. p. 022 ; C. Keid, ‘ Nature,’ vol. 
xxxiv. p. 042. 

t Geol. Mag. 1882, pp. 339, 441. 
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2. That the valley-gravels have been mainly built up of the 

detritus from the older beds : that these vaUey-gravels have 
been formed by existing rivers, flowing in their present 
directions, and that in the lower gravels mammalian remains 
have been discovered in several localities. 

3. That the gravels of this area are strictly local in character, 

and contain onlj' such detritus as can be derived from the 
districts drained by the different rivers or th(dr tributaries. 

4. That a considerable amount of denudation is proved, not only 

by the fragmentar}* nature of tlie watershed-gravels, bub 
also by the height to which the terrace-gravels reach above 
the ])rcsent level of the rivers. 

6. Tliat tlie finding of a granite boulder on the summit of the 
Chalk escarpment maj^ if confirmed by other similar dis- 
coveric^s, crusidcu-ably modify existing idens respecting the 
physical condition of this area during the Cflacial period. 



[ To face p. 056. 
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46* On the Ancient Beach and Bouldebs near Braunton and 

Croyee, in N. Devon. By T. M‘Kenny Httohes, M.A., Wood- 

wardian Professor, Cambridge. (Read June 23, 1887.) 

The ancient high-level beaches of the south-west of England have 
long attracted notice. Paris * referred some of them to blown sand ; 
Came t and Boase } mentioned the occurrence of similar phenomena 
around the coast of Cornwall. Godwin-Austen § described a 
“ raised beach ’’ at Hope's Nose, and later on, in his paper on the 
superficial accumulations of the coasts of the English Channel!], gave 
an account of several other deposits in different localities, which 
seemed to him to indicate an elevation of the coast-line. The posi- 
tion of many of these beaches is indicated by Greenough on his 
geological map and bj’ De la Beebe on the ma])8 of the Geological 
Survey. 

Among the raised beaches we generally find included the sand- 
cliffs of Saunton Down and Middle Borough, on the coast west of 
Barnstaple. These d('i)oaits have a further interest attached to 
them from the occurrence at their base of huge ))ouldcrs of various 
kinds of rock, some of which, it would seem, do not exactly resemble 
any rock-masses in the drainage-areas from wlncti they could have 
been transported to whore they are now found by any kind of river- 
action. 

Sedgwick Murchisoti Williams ft, and De la Beebe 4:+ have 
described these cliff's, pointing out the similarity of the doi)Osits to 
those of the modern sliore, and, assuming that the whole was an 
ancient beach, of course explained its present position by changes 
in the relative level of land and sea. It seems to have been 
generally 8])oken of as a Raised Beach from the time of these 
earlier observers till the year iJSOfi, when Mr. Spence Bate§§, from 
a careful examination of the scictions, returning to the views of 
Paris, arrived at th(^ conclusion “ that the entire structure conduces 
to the conviction that the so-ealled raised beach is in reality the 
undoslroyed remnant of an extensive district of wund-borne sand 
similar to that which now exists on Braunton Burrows.” 

In a paper published in W67 !; !i Mr. Peiigelly replies to Mr. Spence 
Bate, and gives exact measurements taken at various points along 
the cliffs. He is led by a consideration of the low level at which 
various land-plants are found to infer that the tide does not now 
often reach the level to which the remains of Balanua indicate that 

* Trans. K. Geol. Soc. Cornwall, vol. i. 1818, p. 4. 

+ Ihid. vol. iv. 18.32, p. 2.V.). + 7'om. cif . pp. 2o9. 270-273, 320. 

§ Proo. Geol. Soc. vol. ii. 18J14, p. 102. 

II Quart. Journ. Geol. »Soc. vol. vii. p, 118. 

^ Trans. Geol. Soc. vol. v. p. 279; Proc. Geol. S<jc. vol. ii. p. 442. 

** Idid. 

Trans. Geol. Soc. vol. v. p. 287: Proc. Geol. Soc. vol. ii. p. 441. 

Report on the Gecl. of Cornwall, Devon, and W. Soiner.**^, 1839, p. 425. 

§§ Trans. Devon Aseoc. Adv. Sei. Lit. and Art, 1850, p. 128. 

all 1807, p. 41.1. 
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it once commonly rose. He thinks that the transportation ” of the 
great boulder ot' rod granite “ required more than wave-power 
merely,” and, on the assumption that it was carried on ice, points 
out that it would necessitate a considerable change of level to float 
such a large mass of ice to where the boulder now lies. Inciden- 
tally he notices the vertical shafts in the saud-cliffs, and suggests in 
explanation that the proc€*ss begins by tlie infiltration of rain-water 
containing carbonic acid in solution, which dissolves the calcareous 
cement of the consolidated sand, and that in periods of continued 
drought the water evaporates, the winds disperse much of the dry 
loose sand, hut communicate a rotaiy motion to the residue, and 
thus produce the cylindrical or subcylindrical form of the shafts, 
and that by a repetition of tliis process the shaft is gradually deep- 
ened until it passes comjdetclj' through the sand-beds.” 

The points to which 1 invito attention in the following paper 
arc : — 

(1) Is this deposit on the southern sloi>cs of ISaunton Down a 

raivsed beach ? and 

(2) Were the above-mentioned boulders carried to their present 

position by ice ? 

I would avoid any future misap])rehcnsion of my meaning by 
defining what I understand by a raised bejich. 

A raised beach is a portion of the shore-deposits which wore 
accumulated when the land was at a lower level. It is not suffi- 
cient to show that tlu^ deposit could not now be laid down by the 
sea in the position and at the luught at which it is found, unless it 
can be shown also that no other conditions than a sinking of the 
land would explain its occurrence in such a i>osition or at such a 
heighii. 

lligh-watcr mark for the purposes of thivS inquiry does not mean 
the level to which the tide rises in calm, but tlic nnicli higher lino 
up to which wind-driven Atlantic waves in spring-tides carry sand, 
shells, and blocks of stone. Tlie tidal range in Ihirnslaple Bay is 
stated by Mr. Hall to he between iiS and 40 h^et ; hut enormous 
masses of rock may be seen tlirown up to much higher levels in 
almost any little cove around this coast. 

We know that stones Ac. can be caught in the waves * and 
hurled to the top of vertical walls of rock ; but this does not give a 
heach-l^o dejiosit. If, however, we have a long slope on an open 
shore, df still more in a narrowing creek or hay, and ocean waves 
breaking on it, beuch-deposit-s (stones, sand, shells, &c.) are carried 
far above what is commonly understood by high-water mark. Alter 
the coast-line, dcstroj* a promontory or sandbank, turn on a current, 
or change the outfall of a river and the sand and shingle are swept 
awa}" ; the sea cuts into the solid rock, and leaves a cliflP with the 
thin end of the long shore sIojk) seen on top of it, now many feet 
above high-water mark t. 

That is not a raised beach, for it would require no change of 

Hughes, Journ. Viet. lust, or Phil. Soc. Gt. Brit., Feb. 1887, p. 4. 
t Cf. Came, Trans. K. Gcol. Soc. Cornwall, vol. iii. 1828, p. 229 ct spq. 
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level to produce it. It would bo brought about by the uniform 
waste of an irregular coast-liue, where tlie destruction of lieadlands 
and the shifting of sandbanks and curn'iits determine wliich pait 
of the rocky coast shall have a iHotecting mantle of sand for a time 
thrown over it, and which shall be strii^ped to bear the ceaseless 
lash of the waves. 

Iteferring to the diagram (fig. 1), let L, M represent high- and 

Fig. 1 . — Dlcujram Section shoivinr^ the Mode of Formation of some 
of the Jlhjh-level Fcachcs of Devonshire, 



1. Talas. fi. Ancicnl. shore-doposits. 

2. Modern 8hore-dej>o8its. 4. Ro(rk. 


low-water mark, the level of ordinary high and low water respec- 
tively, and E F the surface of the existing sand-slope ; then the 
waves in storm may l)reak against the foot of the elitf (111, but 
never get as high as K, the base of wbat is called a raised beach. 

But when A B or C 1) was the surface of the sand-Bloi)e, the sea 
iu storm, especially if it was in a bay or crcok or corner, would rush 
up the incline along A B or C D to a lev(d fa r above K. Then when 
the gradual changes of the coast, shifting the sandbanks, eating 
away the promontory, and so on, had removed the sand marked (Ji) 
and cut hack the clitl' to UU, the portion above K would look like 
a raised beach, and, iu fact, would be practically out of reach of 
the waves. 

if any change of level has taken place in this case it seems to mo 
to be quite as likely to have been a downward as an upward move- 
ment. At any rate it is probable that if the sea were thrown more 
strongly on to the sand-dunes in Barnstaple Baj^ by a small depres- 
sion, the tendency would be to drive them back to the east leaving 
just such patches of consolidated sand and talus in clifls near Saun- 
tou Court as arc now seen along the cliff further w(;st. And the 
height to which the, properlj^ speaking, marine deposits occur is so 
little above ordinary high tide that there is plenty of margin left for 
storm-waves to carry them ui) to where they are now found. 

When a long sweep of shore such as AVoolacomhe sands or Bide- 
ford Bay leaves a wide expanse of sand exposed between every tide 
to the sun and wind, it is curious to notice how soon after the sea 
has left it the surface of the sand begins to move under the influ- 
ence of a dry wind. One might almost think sometimes that the 
sun and wind dried one grain at a time and started it off immedi- 
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atek, so damp is the sand, while the yellow haze a few laobea 
deep tells us the surface is beginning to drift away. Stick a ekte 
or a shell up to catch it, and you soon find how rapidJy the work is 
going on. So the sandhills are formed which protect the lower part 
of the lowlands behind from the rush of the wmd-dnren tides. In 
exceptionally high tides, however, the sea is earned far up the 
iDclino formed by the dunes, and so marine deposits are intercalated 
j/j the lower part of the blown sand. Thus we must have in all 
such cases marine deposits at the base, then resting on them alter-- 
nations of jEolian and marine, all heaped up on solid rock or estua- 
rine silt or whatever the floor ma}" happen to have been. 

When wo examine the iipjicr jiart of the deposit, we And that the 
sand is carried by tiie wind above the highest water-mark to form 
the dunes, and in like manner up the hill-sides that bound the 
estuary or bay. 

Hero another operation is at the same time going on. The talus 
due to gravitation or pluvial action crec]>s down over the shifting 
sand and covers or is eovined hy it. Tliis may go on uj) to any level 
if tlie slope be favourable and the snpjily of sand suflicieut ; and if 

Fig. 2. — Diayram showing Suca'ssion of Deposits West of 
JSaanton Court. 



1, Talus. .T Marine snnd and shingle. 

* 2 . lilnwn sand. 4. IMlton Beds. 


deposits thus formed are cut back and exposed in section, we see 
alternations of blown sand and talus, but further from the hill the 
blown sand only, tis shown in the diagram (fig. 2). 

Where therefore only this last-described deposit of blown sand 
and talus rises above highest water-mark, but the marine deposits 
at the base are no higlier than could now he reached by the waves, 
there is no evidence of change of level such as would justify our 
calling the deposit a raised hatch. 

Along the coast from the north cud of Braunton Burrows around 
Croyde Bay, but especially under the south slope of Saunton Down 
and west of Middle Borough, there is an almost continuous beach, 
wliich I would refer to the agencies I have just been describing (see 
fig. 3). The upper part consists of angular fragments of the rocks 
which occur on the hill immediately above it imbedded in earth, the 
result of the subaerial decomposition of those rocks. Where the 
cliff has been cut back pretty close to the steeper slopes the thick- 
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ness of this deposit is very great. Conspicuous white bands are 
sometimes seen along the face of the section, but this is only a 
superficial efflorescence of salt due to the evaporated spray from the 
sea. 

Below this talus there is a deposit of sand of very variable thick- 
ness, often having at various horizons in the iipper part bands of 
angular tains like that above. 

The bedding is very clear in the w^eathered cliff (see fig. 4). It 
is often false-bedded, and in sections at right angles to the coast is 


Fig. 3 . — Diagram Section acrosis no-called Rained Beach under Saunton 
Down, North end of Barnntaple Bay, (Scale 200 feet to 1 inch.) 



a. Keceiit sand and shingle. 

h. Talus, ovt‘rhip]*iug and (hnctniling with upper j)arf, of r. 

c. Blown sand, with subaerial talus irden'alatod in upper part,, and sea-beach 

deposits alternating with lower part. 

d. Pilton Beds. 

X. Low w’ater. //. High water. r. Spring- f ides and storms. 


Fig. 4 . — Oliff of Consolidated Sand rentiny on Cleaved Rock 
i^Pilton Beds), Saunton Down, North Devon. 



sometimes seen to slope up rapidly against the hillside, as indicated 
in the section (fig. 3). 

Land-shells occur here and there, singly or in bands, ITelLv vir- 
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^aia being the most common, as on the adjoining sand-dunes. Sea- 
shells are rare, and only such as might have been carried by birds 
or rolled up the sand-slope by the wind. 

In the lower ])art of the sand-cliff, however, sea-shells are com- 
mon, and there are lines of shore shingle which generally forms an 
irregular conglomerate at the base. It is consolidated into a hard 
calcareous sandstone, so hard that it is used in the neighhonrhood 
for rough walling. Owing to its bcung but little jointed, it long- 
resists the battering of the waves, which have to remove it almost 
grain grain. Here and there, however, great masses are lifted 
out and trundled by the waves along the shore, furnishing an 
example of the sea (piarrying out and moving along the shore, at tlie 
same level tis the boulders of granite, masses as large as, if not larger 
than, those for the transport of which ice-agency is invoked. One 
such, resting on tlie cleaved rocks at the foot of the cliff, is shown on 
the left-hand side of tig. 4. 

The consolidation of the blown sand round the coast of Devon 
and Cornwall was noticed and exjdaiiifd by 1‘aris *, who ascertained 
by exjKuiineiit tliat the shelly sand contained from to 64 per 
cent, of carbonate of lime. Jloase t describes the sume thing, and 
quotes an old Jiuthor who, tifty years lu'fore his time, explained the 
induration of tlie sand by infiltration of waiter charged wdtU car- 
bonate of lime, only he descriht^d it as sparry or coralline juice, such 
as forms incrustations in the bottoms of culinary vessels and in 
W'ater-]n]>e8. In a little ravine about half a mile west of "Middle 
Doroiigh 1 noticed a section as of a transv(‘rs(5 gully about tw’erity 
feet deep, at the base of wdiich, under some seventeen fei't of talus, 
was three feet of sand, in which Avere hands about an inch thick of 
a dark sandy ironstone. This also seemed to he quite a recent 
formation. 

Where the sand from above has run down through a crevice, liko 
sand in an hour-glass, it has often enton out a cylindrical hole 
from two to four feet across. I am inclined to think from wdiat I 
have seen that, except where there has been a hole quite through, 
these chimneys are never formed, but that some of them are origi- 
nally half-cylinders, that is to say, the sand pouring over the edge 
of a sand-cliff cuts a groove out as would water. I think it certain 
that when once formed the wind helps to carry on ihe work and 
round them off, hut that the action of the w ind on the top of the 
sand could never form them by producing a rotatory motion, as the 
water of an eddying mountain-torrent bores holes in the solid rock 
by whirling pebbles round in any hollow’' that arrests them. 

Flints occur in this ancient beach as on the modern sliore, and 
there has been much speculation as to their origin and mode of 
transport. An examination of the flints themselves will, I think, 

♦ Paris, “ Geological Structure of GornwalH” Trans. R. GeoL Soc. Cornwall, 
Tol. i. 1818, p. 194. 

t Boase, “ On the Submersion of part of the Mount’s Bay,” &c., Trans. R. 
Geol. Soo. Cornwall, vol. ii. 1822, p. 143. See also Came, ‘“On the Mineral 
Productions of St. Just,*’ ibid. p. 35>3. 
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be sufficient to justify our dismissing several of the hj'pothescs 
suggested. 

They are not flints of the kind used by primaBval man for the 
manufacture of implements. 

Their numbers, wide distribution, and constant association with 
ancient deposits at very various levels make the hypothesis that 
they were accidentally introduced quite untenable. They go back to 
times far earlier than any ships that carried ballast. 

They are irregularly iron-stained, subangular gravel- stones, not 
flints derived directly from the chalk. 

They are of the same kind as those common in the high-level marine 
deposits of Wales* and the north of England, and occur all round our 
western coasts. 

They are found on the St.-EavuVs plateau. Tliey have been 
brought to me l)y Mr. F. J. II. Jenkinson from the gravels that 
occur here and there all over the Scilly Isles. They arc handed on 
to lower levels b}' every later denudation, and arc generally io be 
picked up in every modern shingle. They form part of the great 
gravel banks of unknown age that lie off i>ur south-west coast. 

They do not appear in the older bonlder-clays of Wales, but camo 
in with the shore-drifting that inix<?d iij) the debris of the uortluirii 
ioe-shoets with that from the C.^ambrian mountains, and dates from 
the Moel-Tr)dan and 8t.-Asaph stage of the Floistocene. 

It is perfectly clear that the upper j)arl of this clifl' below the 
talus consists of nothing but blown sand. Wo have only to walk 
south as far as Braunton Burrows to see a similar deposit now in 
process of formation. The sand is blown up against ])reoxisting 
dunes, so as to show in section steeidy inclined bods, just as it does 
where blown against the hill-sides of Saunton Down or Middle 
Borough. A few stones arc carried here and there far up the sand- 
slope and in between the dunes. Shells are transported sumo dis- 
tance up by the waves, and still further by the wind. Certain 
species are carried in by gulls and crows. I saw here among the 
sand-dunes the shells of Patella vuUjata^ Pecten varius, Mytilus 
edidis, Mactra stidtornm, Scrohicularia piperata. On the coast of 
Pembrokeshire I have seen the shell of Nassa reticulata rolling up 
a steep sand-dune in a gale of wind. The shells of land-mollusca, 
such as Helix virgata, H, aspera, H, nemoralis, Hulhnus acutus, &c., 
are also blown about and rest in any sheltered hollow, or even in a 
footprint ; but they do not occur indiscrimij lately throughout the 
mass, so that it often happens that over large tracts not a single 
specimen can he seen. 

At the north end of the dunes the sand creeps up the hillside, 
extending in irregular hummocks as far at any rate as Sannton 
Court. If any change of current were to destroy the great barrier 
of blown sand, so that the sea rolled in below Saunton Court, and 
the sand next the hill were hardened a little by percolating water, 
we should have cliffs precisely similar to those now seen along the 
south side of Saunton Down and round by Middle Borough almost 
Quart. Journ. Oeol. Soc. vol, xliii. 1887, p. 83. 
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to Boggy Point. Thd lower part only would be washed by the 
waves, and the upper part would appear to be beyond the reach of 
any tide, and not in the way of any possible accumulation of blown 
sand. Hut when the dunes were furthcjr forward tliey must have 
abutted, as now, against the liill at their north end, and the sand 
was blown up its flaiik as it is now near Sauuton Court. 

Along the sandy roadway down to the shore from Saunton Court 
the wind often strips off })art of the sand and shows that the talus 
sometimes creojis down over tlie dunes and sometimes is t*overcd by 
the blown sand. »So there are alt(!rnations of stony earth, sand, 
shells, &c. in the up])er ])art, just as we see iji tlie ancient cliff 
further west. 

It is easy enough to explain the slight difference in the character 
of the sand in the old sand-cliff and in the more modern dunes. 
The newer sand consists more largely of comminuted shell, whereas 
the acidulated water ])ercolating from the hill-side has destroyed 
some of the shell in the sand abulling against it and has thrown 
the carbonate of lime down again where it has boim exposed to 
evaporation. 

That this ])rocess has becm going on is shown by tlio casts of 
shells found in the soliditied sand ; and that the precipitation has 
taken ])lace elsewhere is sliown by tb(‘ ))ands of calcite a <|U!i.T’ter or 
half an inch thick which have formed along some of the more open 
divisional planes, hy the crystals of calespar which line some of the 
cavities w'here slu^lls have Ix^on, and by the soliditie<l masses of 
sand d(‘seribe(l abova'. 

So, I take it, this cliff of sand and angular stony d(‘])ris on the 
shore south of Saunton Down and w(’st of ^Middle Horougli is no 
raised beach, but only tin* nin-of-th(‘-]ull or talus overlapjang and 
dovetailing into tin* top of the sand wliich was driven by the wind 
up the hillside wlnm t lu^ sandy sliore-line of Ibirnstaple Bay stood 
a little further west, and that tin* lower ])art of it, where the blown 
sand contains beds of shingle and marine sliells, is only the part 
wliore the waves occasionally rushed over the base of the sand- 
dunes, and does not extend above tlie height now washed by the 
sea. To put it shortly, what is above sea-levol is not beach, and 
what is beach is still within r<*ach of the sea. 

Resting apparently on the bare rock under this sand}" deposit 
there are many largo boulders, most of them composed of the gritty 
beds in the Devonian. There are, however, now visible three other 
boulders, the original source of which is not so easy to determine 
with certainty. 

The first occurs about :j mile w"ost of Middle Borough. It is 
a great, mass of yellowisli -white gneissose granite, the part ex- 
posed measuring some 8 x 6 x 6 feet. The surface is somewhat 
decomposed and exfoliates in places. The boulder is capped by some 
of the talus, not, it appeared to me, the original mass of which the 
cliff was composed, but only a portion slipped from it. 

The second boulder (fig. occurs about halfway along the shore 
south of Saunton Down. It rises out of a little pool between the 
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jagged ridges of the rock just in front of a small alcove or cave in 
the western face of a portion of the sandstone cliff which runs out 
south from the hill. It measures about 4 feet across from corner 

Fig. 5 . — Boidder of Grey Porphyry at base of Cliff South of Saunton 
Down., NorfJt end of Barnstaple Bay (April 11, 1887). (8calo 
7-2 feet to 1 inch.) 



^ (r. 


a, Bocrnt eliin^lo. </, Piltoa Ijeds. 

Boiildor of ^'rey i)orphyrT in 1 foot of wat.'>r. 

Consolidated blown s'lnd. niodid'd af, by nction of sc'u, with lines of 

shiii'^lo and sea-shells, and alternatinej in upper purl with tains. 

to'^corncr of the irregular rhomboidal mass now exposed. On the 
south side of it a fold over of one of the harde r Iteds has caused a 
stronger barrier than usual and probably determined the position in 
which it rested. 

This boulder consists of a grey porphyry much resembling that 
so common on Arenig ; but I slumld be sorry to say that it could 
not have come from tlie felsito whicdi occurs at intervals for many 
miles at the base of the Ihckwell-Down Sandstone, as that is ex- 
posed only here and there, and, where seen, is so variable that we 
may easily allow that there may he parts of it very like the Taun- 
ton boulder. 

The third boulder (fig. 6 ) is more like the ltoss-of-]\[ull granite 
than any other with wliicli I am acquainted. It occurs in a cave 
eaten out by the waves in the very base of the sand-cliff, a short 
distance further east tbau that hist described. It rises out of some 
newly tossed-up shingle, and supports the roof of the cave. From 
the levels observed outside, it is clear that it must rest on the solid 
rock. It is parth' concealed by the shingle, so that exact measure- 
ments cannot be obtained. From what was exposed when Mr, 
Townshend Hall saw it he estimated that it must weigh between 
10 and 12 tuns. 

Mr. Townshend Hall * thinks ‘‘ it is very doubtful whether there 
* See note t on p, CGG, 

2 2 


Q. J. G.S. No. 172. 
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is any vein of a similar colour and texture on Lundy Island, capable 
of producing a block of such magnitude. The nearest j)oint of the 
Dartmoor (jiranitc is exactly 30 miles from Saunton, but any of a 

Fig. G. — Boulder of Bed Granite in base of Anri eat Beach South of 
Sauniou Doaniy North end. of Barnataple Bay ( A])ril 11, 1887). 
(Scale 74 feet to 1 inch.) 



a. Recent nliiuglo. (1. Pilton RecL. 

h. IJoulder <>1‘ ri‘(l granite, 

e. CnnHolidatocl blown isaiul, inotlifioil at base by action of sea. 

red colour can onlj' bo obtained in very few localities, and at a 
much longer dist ance.” 

The Key, Dr. Williams* was of opinion that it could not have 
come from Dartmoor or Cornwall, or Lundy, but that it resembled 
much of the granite of the Orani])i;uis. 

The boidders all occur in caves or at the base of deposits now 
being washed by the sea ; in fact they would not bo seen at all 
if they wore not within reach of the breakers which are under- 
mining the dills and ex])osing the original surface of the solid rock 
and tlio boulders wliich rest n])on it, so that it is clear that they 
may have been toss<al into their present position by the waves of 
the sea at its present level, lliesizeof the boulders, and the height 
tn which they have been thrown, is nothing for that western sea in 
storm ; all round the coast we find plenty of larger blocks caiTied 
higher. 

The character and mode of occurrence of these boulders does 
fairly raise the question whether there arc any satisfactory traces of 
glaciation south of the Ilristol Channel. 

Mr. Townshend Hall t remarks on this subject : — “ The great ice- 
sheets which in the Glacial Period covered the northern part of 
England and Wales, are not generally supposed to have extended 

* Traae. Geol. Soc, vol. v. p. 287 ; Proc. Gvol. Soe. toI. ii. p. 441. 

t “ A Sketch of the Geology of Devonshire by Townshend M. Hall/’ White’s 
History, Gaj^tteer and Directory of the County (Devon), Sheflield, 1878, p. 1(3. 
See also tJssher, Physical Features of Devonshire,” Trans. Devon. .A^soc. Sci. 
lit. & Art, vol. xii. 1^0. 
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south of the Bristol Chanuel, and the characteristic furrows and 
scratches made by the friction of glaciers against the sides of 
valleys, so commonly met with in the north of England and Wales, 
have not yet been positively identified in Bevonshire.'^ But he very 
fairly points out that “ if such markings ever were formed, they may 
have been rapidly effaced, owing to tlie soft nature of the slate, and 
the tendency of granite to become disintegrated on the surface.*’ 
Ho is of opinion “ that in various parts of both Dartmoor and 
Exmoor there are collections of stones and debris similar in every 
respect to those composing the moraines of modern glaciers, and 
valleys which have ovidentl}’- been shaped by glacial agency.*’ 

Mr. Ussher * is of opinion that there are traces of glacial action in 
Devonshire, and accepts the view that tlio high-level beacli of Saunton 
Down and Croyde and other places on tho coast of Devon fiiul 
Cornwall sliow evideneo of elevation, but refers tluuri to an age 
which corresponds to the “ Interglacial Period *’ of the north ami 
east of England, but in Devonshire was not succeeded by any later 
glaciation. 

We must clearly distinguish between (a) a theory^ which refers 
these dt'posits to local glaciers originating within tho area, as 
it is most iin])robable that any traces of such small local glaciatiou 
could remain, and {h) any hypothesis wliich refers boidders or clays 
to the terminal deposits, whether on sea or land, of the great ice 
mass, which we do know' got down as far as the Bristol Channel. 

Mr. Doe t has recorded some boulders of felsite occurring at a 
height of some 500 feet above tho sea near Croat Torriugton, but 
these are described as resembling some of the Elvans. 

Mr. Hall J further mentions that “At Waddeton Court, near 
Dartmouth, a group of New Bed Sandstone boulders are found re- 
posing on the slate at elevations varying from 18 to nearly 200 feet 
above the level of the sea. At Harberton, near Totnes, also on a 
slate subsoil, boulders of a fine-grained trap occur at a lieight of 
about lot) feet, and are especially noticeable as being in some cases 
marked wdth parallel grooves or scratches. Another group, also 
com})osed of traj), is situated at Druid, near Ash))urtou ; and boulders 
of various sizes have been recorded as occurring in the parish of 
Bishop's Teignton, near Teignmouth, some 800 feet above the sea.” 

Another instance of transported boulders occurs in the parish of 
Fremington, near Barnstaple, where boulders of traj) are frequently 
found on or near the surface of a thick bed of brown clay much 
used for pottery.” 

Dr. Slade Xing also informs me that a waterworn boulder of 
coarse grey .granite, weighing, say, 2 cwt., was found in a clayey 
deposit in draining a meadow on Bicklescombo farm, near Ilfra- 
combe, some forty years ago. It was round and smooth, and had no 
grooves or strije on it. Near it were found also, in the words of a 

“ On the Chronological value of the Pleistocene Deposits of Devon,” Quart, 
Joum. Gleol. Soc. vol. xaxiv. 1878, p. 440. 

t Kept. Committee on Erratic JBlocks, Kept. Brit. Assoc. 1876, i>. 110. 

$ Op. cU. 
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man who saw them, “ some old stone things, hammer-heads and 
heads of spears, and such like/’ So it is probable that this boulder 
was in disturbed ground. 

Setting aside, then, any suggestion of ice-action arising out of the 
character and position of these boulders, there does not appear to be 
any satisfactory evidence of glacial conditions in Devonshire. Its 
deej) combos tell of long continuous erosion by the streams which have 
cut their way bach from the coast almost horizontally into the table- 
land, not vertically down from the tableland to sea-level. After the 
rajuds or waterfalls wliere the work is going on have receded, the 
talus gathers in every hollow and on every ledge, and the enormous 
thickness of the rainwash and run-of-tho-hill in Devonshire tells of 
long-continued subaerial waste. The thin laminnc due to cleavage 
or bedding, or both, arc all, so far as I have scon, turned over down 
the slope by gravitation, and none curve over in unexpected direc- 
tions as if pushed by ice. There is nothing in the form of the 
ground or the character of the superficial deposits (saving alwaj^s the 
boulders in question) to suggest ice-action. 

The thick deposits of subaerial talus do not differ in character 
from those now being formed, and represent, not so much the 
greater intensity of the cold at some foriricr period, as the greater 
length of time during which the surface has been exposed to the 
disintegrating effects of weather, just like what prevails there still. 

The brown clays and other similar deposits referred to by 
Mr, Hooker as })os.sib1y of glacial origin arc obviously not to be 
referred to the direct aedion of ice. They are not, as they stand, 
Boulder-clays or true glacial deposits; and if they arc only due to the 
destruction of old Boulder-clays, we are op(*ning up another question, 
viz. How far off wen* the Bouhh^r-clays from which tliey wore derived, 
and to what di*nudation can those brown clays bo referred? Did 
it follow immediately iq)on the d(q>osition of the moraine or when ? 
It may be that Devon was under llie sea during the age of extreme 
glaciation in N.W. Euro]) 0 , and received some of the marginal 
glatdal deposits and emerged early, so that aU traces have been 
destroyed. 

No one can tell how far back we must place the beginning of the 
subaerial denudation of this district. Nor have we evidence to show 
what was the condition of the surface of the great Do^'on plateau 
when first it emerged from tlie sea. That no blocks from what 
were then granite islands should have been anywhere left upon the 
sea-bottom around them is improbable ; that no block from the 
central tors should have travelled down the ordinar}- channels of 
denudation in later times is also contrary to our usual oisperience in 
such cases. Therefore we have no right to assume the existence of 
glacial conditions to explain the occurrence here and there of a 
block of granite or other rock of Devonshire origin over the area 
surrounding those rocks in place. 

If the red granite cannot have been derived from Dartmoor, 
where there are some beds of that colour, or beds which would 
probably in similar circumstances become of that deeper colour on 
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the outside — if the felsite cannot be a harder, more solid fragment 
of the Bittadon vein — and, further, if they cannot have been derived 
from known or inferred submarine bosses of rock which some 
believe furnished many of the boulders dredged up on the south 
coast of Devon and Cornwall ; if the great boulder of red granite 
on the shore below Saunton Down must be idontilied with some 
Scotch rock, and if the block of dai k grey felsite should be referred to 
one of the Arenig porj)li3 rics — that is on the hypothesis that these 
are north-conn try bouhlers— must we assume loctu glacial action 
to account for their occurrence where wm now find them? and if not, 
what explanation can wo offer of tbeir being found in that district 
at aU ? 

That they ow^c their present i)osition on the jagged rocks of the 
coast and under the ancient beach to the action of the weaves of a 
sea at about the same level as at present seems almost certain, 
because there they lie half bnri<'d in tin' shingle recenily thrown up 
by the sea, and blocks as large are Inirlod by the waves to mucb 
higher levels in many of the creeks and coves around tho coast t; 
but whore did tlie w'avcs pick them up ? 

A glaneo at the map wn'Jl show that the district iu c|uestion is 
just in the line of advance of the great tongin* of ice that crept 
along the w^est coast of Scotland and the Lake Dislric-t, and {ihntiing 
against the ice-clad coast of ?sc»rth Wales, w'as held back by it, so 
that it w as forced to turn round by Chest (‘r on the east ninl Anglesey 
on the west. Bart (jf its terminal moraine ought to bt) found in tho 
Irish Sea — at any rate, bergs from it must have iloated otV into tho 
Irish Sea ; and there is nothing im])robable in the idea that many a 
half-melted mass sfanded otf the coast of Dcjvoii and left ])oulderB 
strewn over tlio sea-bottom around. That tlio boulders were not 
dro])ped during a i)eriod of sulancrgoncHj w-bere now found is sliowii 
by our never finding anj' masses of drift, but only isolated blocks, 
and they all look sea-worn. Kor were lluy carried ashore o)i bergs, 
because they are close to a Avail uf solid rock whore a bei g could 
not have Iloated them. 

Of course w^c must not attach any great AAadght to llie fact that 
they have no glacial markings, as we only see them at all because the 
waves have Avaslunl aA\"ay the surrounding sand and shingle, and 
that might, have oldit crated the striie ; but I think that any one who 
examines tho blocks w ill alloAA^ that it is im])robab]o that such is tho 
explanation of tho absence of all traces of ice-action. lloAvevcr, 
I will not lay much stress on this point. 

Mr. Towiishcnd Hall records some boulders with grooves, though 
they do not seem to have commended tliemscdAass to him as un- 
doubtedly of glacial origin. If these Avere striated Idocks, they still 

* * A IS'arrat.iTe of tlie Building and a Description of the Con- 

struction of the Eddy stone Lightbouse w’ith fcJtone,’ 1813. 

Godwm- Austen, Quart. Journ. Geol. Soc. vol. li. 1800, p. 532; ibid. vol. xii. 
1856, p. 38. 

Pridcaux, Trans. Plymouth Inst. 1860, p. 40. 

Pe7igelly, Trans. Devon. Assoc, &c. vol. ix. 1877, p. 182, 

f Sto Came, Trans. E. GeoL Soc. Cornwall, vol. iii. 1828, p. 222 et seq. 
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might have been thrown up by the sea under existing conditions of 
level, &c. Many boulders may be seen along the coast of North 
"SV files and Anglesey, washed out of drift and knocked about along 
the coast for ii considerable distance before they have the traces of 
ice-grooving entirely rubbed out. 

On the whole, then, T w ould thus sum up the evidence : — 

The ancient hcacli of Saiinton Down and Croyde is not a raised 
heaclh. The toj) is subaerial talus, the middle part blown sand, the 
base only marine ; and the marine part is not above the reach of 
the \vav<.‘.s of the sea at its present level. 

I’lic boulders of granite and felsito which occur at the base of the 
ancient beach w'ore trans]»ort,ed to their present ])osition by the 
wav’os of the sea. Such as are of local origin could have reached 
the sea by tlie ordinary ])rocess of denudation; such as are possibly 
of northern origin could have been carried down the Irish Channel 
on bergs and been thrown - up by the sea to where they w^oiild lie 
at an}’ ]>eriod 8uhs(H]uent to their being transported south by ice, 
but they do not in themselves iinpl}’ any local glaciation. 
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40. Notes on the Formatiok of Coal-seasis, as swjffisted hy evidence 
collected chiefly in the Leicestf.rshike and S(juth Dekba'siiirb 
Coal-fields. By W. S. Grkslky, Esq., F.Cr.S. (^llead June 
23, 18S7.) 

[Abridged.] 

Mt principal object in. this paper is to bring forward evidence in 
opposition to the view now generally aeeei>ted that coal-seams 
were formed from vegetation which grew on the si)ot. 

It seems to me that the ynuelh-ln-siln theory has been, t)r is still, 
held by the majority of those who liave considered or written upon 
the question to be the right one, partly because the accumulation of 
the vegetable matter of coal-beds by driftage apjx'ars to be totally 
beyond our com])rehension, and ])artly (])robably ch icily) bc‘cause wo 
have been told and led to believe that the underclays of coal-seams 
contain the Stly niariee which were the very roots of the trees the 
remains of which constitute the bulk of tht' coal. 

During an extensive ex])erience in the midland district in connexion 
not only with coal-mining, but also with the working of the underbeda, 
the fireclays, both undc^rground and in opc'ucnst workings, I have 
had unusual opportunities of studying the relationship of the coal- 
seams to the underbeds, tlieir fo.ssil contents, HiC. 

The various points for consideration may bo taken as under : — 

a. The relation of the tireclays to the coal-seams. 

h. Mode of occurrence of ^tiyinaria in underbeds. 

c. Erect fossil tree-stems with attached roots. 

d. Lamination of coal-beds. 

e. The presence of boulders &c. in the underclay s. 

f. The foreign bodies in coal-beds. 

y. Marine fossils associated with coal-scaims, brine, &c. 

a. It must not be concluded, because almost every coal-seam 
rests upon a stratum ])artaking more or less of the nature of a fire- 
clay and enclosing Stiyinaruv and other root-like fossils, that such 
beds do not occur in other positions in the coal-measures ; for the fact 
is that they very frequently occur lying immediately on the top of a 
coal-seam, sometimes wholly removed from coal ; or they may occur 
as very thin layers, often very irregular and locally distributed, 
entirely enveloped in the coal. The thickness of an underclay boars 
no prox^ortion whatever to that of the coal-seam resting upon it. 
The thickest coal-beds often rest upon the thiunest clays, and the 
greatest develox)ment of fireclay wdll be followed by the most meagre 
of coal-seams. I have also found it to he almost invariably the case 
that where underclays come in contact with coal-seams there is a 
sharx^ dividing line, a true hedding-x>lanc, between the two ; we do 
not find the clay gradually changing coal, but the 

change from one to the other is most distinct, in fact the x*lane of 
stratification is often quite a smooth one. Precisely the same cha- 
racteristic obtains in the case of laminaj of clay running through the 
body of a coal-seam, i. e. where coal and clay are interstratified. 
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h. My experience is, that a considerable proportion of the nnder- 
beds do not contain tStifjmaria-TOoiti at all ; but that they seldom fail 
to reveal the presence of thin p:rass-like fossil markings, I admit. 

Very frequently the bed next below the underbed is crowded with 
Btigmaria;^ though not moni so towards the upper lhan in the lower 
part. In ^tigmariaA^K^A^ next but one below a coal-seam I have 
noticed several exairiples of tliat fossil standing erect, in a manner 
showing them to have bet'ii in all j>roba])ility independent organisms. 
But when titigmaria- occur in Ihe underclays llio rtisult of my inves- 
tigations shows that they do not pass u])wards into the coal. Only 
once or twic<i have I detected anything like such fossil roots running 
from the coal into the clay below and tlujrefore my conclusion is 
that instances of this j)honomenon are excec'diugly rare. On refer- 
ring to tlu; writings of liinney. Brown, Dawson, J)e la Beebe, Green, 
Hawksliaw, Les(|ucr<'ux, l^ogan, Lyell, Macfaiiaiie, Nicholson, AN’il- 
liamson, and others, I liavci failed to discover in them one single 
description of an jictunl (iond Jhfe erect fof^sil tree with its Stigmarian 
roots attached to it (tud imhnd/t'd in Ute whilst the stem en- 

tered or })assed through the ovc^rlying coal-seam. Now, surely if coal- 
beds have been formed from trees and otlu^r plants whose roots grew 
in or ])enetrated Uu! undercla3's or so called “ old soils,” unmistakable 
indications of tludr fornu'r existenee ought to he ]>reseut in great 
abundaiiee ; these roots must, also have been more thiekl}' matted 
togetlier the m^aror tlu‘y ai»proa.ched the coal ; and instead of there 
being, as Ibore is, a. most (listiiici break lad ween the base; of a coal- 
seam and the uiiderhed, we should ex])eet to lind the one graduall3^ 
changing into tlie oMkt, as is so fre(pieiitly exeinplitied in the 
junction of a ])eat-b('d vvilli the clay Indow it, where the roots can 
be clearlj’ setn communicating with the V('gt'tahle mass above. 
Had instances of i^figntarin actuallj' trending from the coal into the 
uiiderhed been met w ith, we should undoubtt^dly liavc^ been long since 
furnished wdth exact particulars, locality &c., of such discoveries -f*. 
Stiff maria Jicoidea^ then, so far as ni\' invt'stigations have gone, does 
not occur in the uiiderclays as the fossil rooi 4 i of trees, but rather, 
it would seem, as plants stil generis. 

e. It would s(‘em that t he very significant fact of erect fossil tree- 
stems with Stig'inaria-rooiQ attached ia situ being of so exceedingly 
rare occurrence just where they ought to l)o most common, namely, 
immediately holow^ the bottom of a coal-seam, must obviously upset 
the theory which has boon based UjMUi the inference that because coal 
is probabl}^ largclj’ made up of the remains of forest trc(‘s whose roots 

* At tho fireclay unnes of Messrs. Eusor & Co., on Ashby Wolds; also at 
Aldridge Collieiw’, Walsall, where I am informed that Stn/nmriu penetrated a 
coal-seam and extended into the floor belo>v. The roots in this instance pro- 
ceeded from an erect fossil stem standing upon a o-foot bed of coal. — W. S. G. 

f Moreover, even supposing for a moment that tlie roots of tlie coal-forest 
trees, &c., did really grow in the underbeds, by what possible subsequent process 
can all the carbon liave become lamcentrated at one exact level, namely, where 
the clay ceases and the coal-seam begiiis ? Nt)t a single example of a fossil tree 
(so far as I know) has ever been met with in which the roots were composed 
of clay or slnile, and the stump of coal. 
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are the Btigmaricc^ it is almost proof positive that these trees grew 
on the spot, because we find the same kind of fossils in the undcrclays. 
When erect fossil stems or stools of trees are met with, thej’ are 
generally either resting upon or at no great distrinco above the tops 
of coal-beds, though the largest and most perfect (‘xaraples of such 
fossils have occurred in beds far removed from coal The absence 
of them in the nnderclays is conclusive evidence that they very 
seldom if ever grew there ; and the fact of tlieir very rare occurrence 
in the coal itself further strengthens the argument against a growili- 
hi-siiu formation of coal, at all events from trcts. And when wo 
find, as we do, imimessioiis of tlie bark of large trees ui)on the base 
of a coal-seam next to tlie underelay, it is clear that the vegetable 
matter was transported from a distance. 

d, lloes a vertical section of a coal-seam afford any clue to tho 
way in which it was accumulated ? It seems to me that when wo 
find that the structure, from top to hottom, is strictly a laminated one, 
that every layer, division, “ hench,'’ or what not, and tvery line or 
film ohservablo in tho “grain’' of coal lies paralhl to the plane of 
the scam, thtve is not a tittle of evidence that the coal-forming ])lants 
grew oil the spot. Take a sample of coal from whatever locality you 
will, and from jiny part of any eoal-seam, and its characteristic 
grain or laminm will he seen if carefully looked for. 1 have mver 
yet in all my exjicrience detected or hea.r<l of more than one or 
two upright forms of fossil steuis (?) in coal ; and 1 maintain that 
if trees grew in largo quantities wluuo the co.al-be<ls now are, their 
erect remains would have materially intcrleri'd with tlu? parallelism 
of the coal as (existing. That ))j(‘--existing interrn])tioiis in this 
universal lamination can have since been obliterated by j)resBuro or 
by metamorphism seems highly im])rohahh‘. The growtii-in-silu 
difliculty would also seem to he increased when we hear in mind that, 
spreading over very large areas of some of our coal-fields (measured by 
square miles in extent), there are conspicuous and comparatively thick 
layers of s]jore-coal, consisting almost wholly of macrospores, every 
one of which li(‘s horizontally. Where, it must he asked, are tho 
remains of the sturax>s ot the trees from whose branches these myriads 
of seeds or seed-cases were shed ? A satisfactory cxi)lanalion of tho 
cause or origin of the ])erlect lamination of coal, and of the x>be- 
nomena of “ partings ” or distinct hc>dding-x)lanes by which so many 
seams of coal arc divided and subdivided, and of the insinuation of 
thin layers of clay into the seams, has yet to be given. 

e. Occurring occasional!}’ in some of tho underchu s in Leicestershire 
and South Derbyshire are welJ-w’orn boulders and j>ehhh;s of quartzite 
and quartz which have been transx»orted from a distance t* 

But besides boulders and the fossil Stigraarld., tho fireclays some- 
times contain fragments of the stems of tree-ferns, leaves, and other 
plants of a peculiar nature ; Anthracoslw also have been noticed 

* I refer particularly to the “fossil trees" recently found at Clayton and at 
Bradford, Yorks. — W. 8. CL 

t In the underbed of the Coalburg seam in West Virginia, U.S.A., rounded 
quartz-boulders have been found. 
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associated with Sti^maria between two coal-seams *. And thus it 
would ai)poar that the underclaj^s were probably not the old land- 
surfaces which supported the coal-forests, but were true aqueous 
deposits. 

f Actuall3’’ imbedded in coal itself have been found numerous 
quartzite boulders very similar to those found in the undercla^’s, and 
these have turned up in many parts of England as well as on the 
continent. Other foreign bodies in coal-seams consist of tho remains 
of aquatic mollusca, fish, &c. t. 

g. That marine conditions prevailed, if not duriug the accumulation 
of man 3' of our coal-beds, cortainljr immediately afterwards, is clear 
from the abundance in the roof-shales of the scams of fossils 
which must have had a salt-water habitat, and also from the fact 
that brine is so fre(|ucntl3’ mot with in the pores of the coal itself 

In conclusion, then, m3' contention is, that, notwithstanding all that 
has been written on the <*,oal-fjue8tion, up to the ijresent time no 
facts have been brought forward vrhich can in any wa3' show that 
the plants forming coal-seams actuall3* grew in situ, but that what 
evidence we do possess decidedly favours a drift- or, at all events, 
an aqueous origin. 

* At Coleorton Oollicrv, near Ashby de la Zouch, the author found this shell 
betwoou tlu* “ Lount Middlo" and the ‘*Tx>unt Nethor” coal-seams. 

t Erom the “Main,” the “ Cannel,'’ and other sea ms of tho beicestershiro 
<5oal-{ield. 

X The “ Main” coal-seam of Moira, in the Ijeicestcrshii’O coal-field. 
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47. Ffetrer Observations Hyperobapedon Gordoni. 

By Prof. T. H. Hfxley, F.ll.K, F.G. 8 . (Head May 11, 1887.) 

[Plates XXVI. & XXVII.] 

It is now twenty-nine years since, in describing those remains of 
StagonoJepis Hobertsoiii from the Elgin Sandstones which enabled 
me to determine the reptilian nature and the crocodilian affinities 
of that 6 ui)po 8 ed fish, I indicated the occurrence in the same beds 
of a Lacertilian reptile, to which 1 gave the name of Jlyperoditpedon 
Gordoni. I laid stress ui>on the ‘‘ marked affinity with certain 
Triassic reptiles ’’ (e. g. JihyncJwst turns) of II j/perodapedon , and I 
said that these, “ when taken together with the resemblance of 
Stagonolcpis to Alesozoie Orocodilia,” led me “ to recpiire the strongest 
stratigra])hical 2 )roof before admitting the Palaeozoic ago of the beds 
in which it occurs ” 

Many Fellows of the Society will remember the prolonged dis- 
cussions which took jdace, in the course of the ensuing ten or twelve 
years, before the Mesoz(»ic age of the rei)tiliferous sandstones of 
Elgin was universally admitted. Jlj/jn roditpalou was destined to 
play no inconsiderable 2 >art in the conirovorsy. Some ten years 
after the discovery of the original sj)ccimen, remains referable to 
the same genus were found in strata of unquestionably Triassic age 
in (Jcntral and Southern England ; and, about tln^ same time, I 
rccciv’ed abundant evidence of the occurrence of Jfyperodttjn'don, 
associated with Eicynodonts, Crocodilia, and Labyrinthodoiits, in 
certain Indian rocks which, on other grounds, were strongly sus- 
pected to belong to the okh^st Mesozoic series. An account of these 
new materials, together with a full description of the original speci- 
men of IIyperod((pedon^ was read before the Society and published 
in the ‘ (Quarterly Journal’ for 186U i*. 

Unfortunately the type specimen, now in the Elgin Museum, was 
in very bad condition ; and thougli, by careful study of the fossil 
itself, it was possible to make out all the most important features 
of the skeleton, the work of the artist emidoyed to figure it turned 
out so unsatisfactory, that 1 abstained from publishing the two 
plates which were pre 2 )ared for the Memoirs of the Geological Survey, 
thinking it wiser to wait until hotter materials should make their 
appearance. My discretion has been justified by the event, as a 
second specimen, of almost exactly the same dimensions as the first, 
was discovered in the Lossiemouth Quarries, and became the ymo- 
perty of the British Museum some time ago. It has been worked 
out with a skill which m 3 " old experience of the nature of the matrix 
of these Elgin fossils enables me fully to appreciate, by Mr. Hall, 
and friend Dr. Woodward has been so good as to place it in 
my hands for description. 

* Quart. Journ. Geol. Soc. vol. xv. 1850, p. 460. 

t “ Ou Hyperodapedon^^ Quart. Journ. Geol. Soc. 1869, vol. xxv. p. 1^*8. 



The present speciincii of IJyperodajyedon Gordo been exposed 
by the splitting of a largo block of sandstone into two slabs, along a 
plane which corresponds roughly with that of the im])edded skeleton. 
I liavc no information res])ecting the relative j)Osition of those slabs 
in the rock before it was quarried ; but, sup])osing that slab which 
contains the larger jjart of the skeleton and the entire skull to have 
been uppermost, the animal lay flat upon its belly with its limbs 
standing out, very much as those of a dead Lizard ordinaril}’ do, when 
it was buried in the sands of the Elgin shore. The skull, the verte- 
bral column as far as the root of the tail, slightly curved towards 
the right side, almost the wdiole of the bones of the left (and i^art 
of the right) fore limb, Avit-h those of the right hind limb, are 
served in almost their natural rt'lations. 

The hdlowing table givi*s a view of the actual dimensions of 
Ihfperodapedoii and of the proportions of its parts com2)ared with a 
specimen of tSphiniodAm : — 

Metisiiremcnis^ hi mUlimeircs, 

llt/prrothipcdon. Sphenodtm. 

Total length (Probably over l!0o0) 460 

End of premaxilla to end of 

second sacral vertebra 20S=(4‘o:l) 

Skull, end of ijremaxilla to edge 

of occiput 160 55=(il : 1) 

Skull, greatest breadth of the 

occipital region 210 34 =(7:1) 

Total length of humerus + 

radius 210 56=(4 : 1) 

Total length of femur + tibia . . 200 66 = (3 : 1) 

Supposing the tail of llypcrodapedon to have been as long in pro- 
portion as that of JSphenodon, this specimen will have had a length 
of between six and seven feet, or rather more than four times as long 
as the specimen of Splienodon, Hence it would appear that tho 
* Loc. cit. p. 147. 
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skull and the hind limbs were relatively shorter in the extinct reptile, 
but otherwise it must have had much the general aspect of its New- 
Zealand ally — only, as I shall have occasion to point out more fully 
by-and-by, the skull was relatively much broader and more massive 
and the feet were shorter and stouter in Hyperoda^pedon, 

There are certainlj’^ 23 praesacral vertebrae in Hyperodapedon^ 
perhax^s 24, but I think not more ; Splienodon has 25. In both 
genera there are two sacral vertebrae. 

In the first specimen, such of the thoraco-lumbar vertebrae as were 
preserved were split through the middle vertically and longitu- 
dinally. The sections of the centra showed that they were well- 
ossified throughout, and they ai>peared to be terminated by slightly 
concave contours. In the present specimen, the ventral faces of the 
cervical, and of some of the anterior thoracic, vertebrae are exposed 
and are almost uniniured ; but from that which 1 reckon to he the 
13th (though it m. ay be the 14th) to the 2(>th, they are split horizon- 
tally and longitudinally, the dorsal halves lying in the upper slab 
and the ventral halves in the lower. The 21st, 22nd, and 23rd are 
similarly split, hut they are much injured. IS^ow the ends of several 
of these centra, notably the 13th, llth, ISth, and 2Uth, i)resent 
a sectional contour, -which in front is more or less convex ; wliile 
behind it is similarly concave. The anterior ends of tlie centra 
of the 4th (cervical) vertebra and of the lOth and 11 th (thoracic) 
vertebra) appear to bo strongly convex from side to side and their 
posterior faces correspondingly concave. Combining these appear- 
ances with those seen in the longitudinal section, I can only sui>pose 
that the surfaces must have been slightly cylindroidal, convex from 
side to side in front, and concave in the same direction behind ; 
and thus that they approximated, though very distantly, to those of 
ordinary birds. 

The remains of the slightly disjdaced atlas (Plate liXVI. fig. 7) 
are seen immediate! 3^ behind the skull. It has the form of a ring 
26 millira. -wide and 20 niillim. in vertical height. Traces of the os 
odontoidcum arc visible immediatel}" in front of the ventral ])ortion 
of the ring, w^hich lies horizon tall}^ with its ventral region turned 
backwards. The front lialf of the second cervical vertebra is 
broken aw a}", but its centrum appears to have been about 20 millim. 
long. The ventral faces of the third and fourth are well displayed. 
Each is about 20 millim. long and 17 millim. wdde at the ends, 
but not more than 13 millim. at the middle. Cn each side of 
the anterior end a short broad tubercle, which represents the 
transverse process, is developed. I can find no indication of the 
existence of intercentral ossifications. Each vertebra possesses a 
pair of strong ribs (I’late XXVI. fig. 8). These lie at the sides 
of the centra of the vortebrse and ])arallel with their length ; so that, 
at first sight, the cervical region has a crocodilian look. The first 
rib on the right side is well seen. It is a straight st} liform bone, 
40 millim. long and 3 millim. wide. On its dorsal side, and, more 
or less hidden by it, lies the second rib, the remains of which have 
about the same width and length. However, neither of these ribs 



The fifth cervical vertebra is almost completely hidden under the 
shoulder-girdle, behind which a vertebra makes its ap]>earance, 
which I take to be the Uth, though it may be the 10th. The cen- 
trum of this vertebra is 20 millim. long, 25 millim. wide between 
the ends of tlie transverse j^rocossos in front, and 17 millim. wide 
in the middle of its length; and the centra of the three vertebrae which 
follow it have similar dimensions and a])pear to have concave i)osterior 
faces. These vertebrae have strong but short transverse processes. 
That of the 11th vertebra, on the right side, show s a rounded surface 
for the articulation of the head of the rib. The vertebral end of this 
rib is also well dis])layed ; it is broad, measuring 20 millim. from its 
dorsal to its ventral margin, wdiich is concave and thick, while the 
dorsal margin is thinner and convex (Plate XXVI. fig. 9). The 
vertebral end of a similar rib is visible on the right side, close to the 
10th vertebra, and there arc loss well-preserved remains of others. 
These ribs arc very similar to the corresponding ribs of Sphenodon. 

Nearly the W'hole length of the rib which bdongs to the 12th or 
13th vertebra is shown ; it is about 12 millim. broad, flattened 
and truncated at the sternal end ; it measures 153 millim. along 
the chord of the arc of its curvature. The vertebral end is not 
completely exposed. 

A thin flat plate of bone, 20 millim. long by 14 millim. wddc, is 
seen on the right- side, overlying the- remains of tw^o vertebral ribs, 
opposite the 14th vertebra. I suspect that this is a “ piocessus 
iincinatus such as those which occur in SpJituiodon. The position 
of the skeleton is unfavourablo for showing such bones, if they were 
preserved, and they wmuld readily become detached. Portions of 
eight ribs, in undisturbed series, corrcsx)onding to the vertebne from 
the ISth to the 22nd inclusively, are seen on the right side. It is 
possible that these may bo the ends of vertebral ribs ; but I incline to 
the supposition that they are sternal ribs, because the inner trun- 
cated end of each is in close relation w ith a bundle of five or six lateral 
abdominal ossicles, of which the central ossicles in each bundle are 
nearly straight, while the anterior and posterior describe elliptical 
curves. If these are really sternal ribs, they are verj’ difierent, in 
form, from those of Sphenodon*, It is by no means easy to 
arrive at a clear notion of the nature and arrangement of the abdo- 
minal ossicles, w'hich extend over the ventral surface between the 
sternum and shoulder-girdle in front, and the pelvis behind. In 
front there is an area covered by ossicles of a Y shape, the point 

* Dr. Baur has staled that the abdominal ossicles of Sphvnodon are con- 
nected by hgament in pairs with the sternal ribs, but I have not yet been able 
to satisfy myself of the fact. 
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of tho V being turned forwards. The most anterior two of these 
are 4-5 millim. broad in the middle ; but, behind, they become 
narrower in the middle and taper oflp to mere threads of bone at 
their outer and posterior ends. This area of V-shaped ossicles can 
be traced back for 90 millim. and is fully 120 millim. wide. Between 
the 15th and 20th vertebrae, narrow and nearly straight bands of 
bone appear to extend across the abdominal wall, and either to end 
in, or b(i connected with, the lateral ossicles already mentioned. 
The width of the area occupied by the abdominal ossicles, in this 
region, is not less than 220 millim. In front of the right pubis 
there are three broad curved xdates, the inner ends of which turn 
forwards, and which fill up the space between the praepubic process 
and the position which would be occupied by the e])ipubic cartilage, 
if such existed. Tho posterior abdominal ossicles in Crocodiles are, 
as is well known, closely connected with tho pubis. Sphenodon 
requires re-examination in relation to this point. 

The sacral vertebne are, unfortunately, much injured ; but the 
centimm of the first (Plato XXTI. fig. 10) appears to be amphi- 
coelous, the convex posterior face of the 2ilrd (or 24th) centrum 
fitting into it in front, and the convex anterior face of tho second 
sacral fitting into it behind. 

The rib of tho first sacral vertebra measures 18 millim. trans- 
versely, and its expanded outer end 23 millim. 

In the form of the articular surfaces of tho centra, in the great 
develojuncnt of th(> cervical ribs, and in the absence of intercontral 
ossifications, the skeleton of the trunk of Jlyjx’rodajtedon dcjiarts 
from ^jdumodoii more widely than in any other particular. 

The skull has been completely detached from the matrix, and all 
its most important characters are beautifully dis]>laycd. 

Viewed from above (Plate XXVI. fig. 1), its contour jiresents tho 
form of a broad-based isosceles triangle. The base, rei)reseTited by tho 
occipital rt^gion, measures 210 millim. ; while tlic distance from tho 
centre of tliat region to tlio rounded apex, formed hy the conjoined 
premaxillar}" bones, is 100 millim. The hinder moiety of the dorsal 
region of the skull disidays the great sux>ratemporal lessee (.s-.<), which 
are somewhat rounded (50 millim. wide and 5s millim. long), and are 
separated by tlie relatively narrow parietal region of the skull (20 
millim. wide), which ])rcsents no i)arictal foramen. In the front 
moiety, the orbits (or.), of a half-oval shax)e (50 millim. long and 
30 millim. wide), are 8ej)aratcd by the broad frontal portion of the 
skull, which is 40 millim. wide. In front of those, again, and of the 
broad and short nasal bones, is the single anterior nasal aperture (ct,n), 
which is triangular, with the apex forwards, a? id is 20 millim. broad 
by 24 millim. long. In the living animal, this opening would have 
been divided into two by the nasal septum ; but, no doubt, this was 
entirely cartilaginous, and hence, in the fossil, the ax)erture appears 
single. Laterally, it is bounded hy a strong ascending process of 
each premaxilla. 

In this respect there is a very marked difference between 
Hyperodapedon and Sphenodon. In the latter, the median end of 
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into which the mandibular teeth are received. The palatal and 
maxillary teeth of opposite sides are separated by the widest part of 
the palatal area, formed by the pter\*goid bones in the middle, and 
the palatals at the sides. The long oval posterior nares arc wide 
and conspicuous, occupying, as they do, the greater part of the space 
between the anterior end of the palatal series of teeth and the 
premaxillarj’^ rostrum (see fig. 6, p. 683). 

In llyperodapedon (Plate XXVI. fig. 3) the alveolar edges of the 
maxillflc describe a curve which is strongly convex towards the middle 
line, and correspondingly concave outwards. Their i^osterior ends are 
very far apart, but in the anterior halves of their extent they approach 
so closely as to leave only a narrow palatal area. At their anterior 
ends they again slightly diverge. Behind, three longitudinal rows 
of obtusely conical teeth are set between the groove for the man- 
dible and the outer margin of the maxilla, but only one of these 
rows is continued forwards along the anterior half of the length of 
the maxilla (see fig. 4, p. 683), 

The space included between the mandibular groove and the 
•curved posterior boundary of so much of the dentigerous area of the 
palatal bones as is left visible in the specimen by the dislocated 
mandible is occupied on each side by four rows of obtusely conical 
teeth, which take a direction roughly parallel with one another and 
with the series of maxillary teeth. Only one of these series of teeth 
is continued forward alongside of the single part of the scries of 
maxillary teeth. 

The palatal bones are undistinguishahly united, either with the 
pterygoids, or over them, in the anterior narrow part of the palate, 
which ends in a semilunar margin, concave forward. The space 
between this and the posterior face of the root of tho premaxil- 
lary beak is, for the most part, filled by a broad plate of bone 
which represents the vomers. The posterior nares must have been 
very small ; but, on the left side, between a concave edge of this 
vomerine plate, on the inner side, the premaxilla, in front, and the 
maxilla, externally, there is a small aperture, which I take to be tho 
posterior nasal opening (Plate XXVI. fig. 3,^.n). The articular con- | 
dyles of the quadrate bones are elongated from side to side, and present 
cylindroidal surfaces. They lie about 25 millim. behind a vertical 
line drawn from the occiput, when the roof of the skull is horizontal. 

In Splienodon (see fig. 3. p. 682) the rami of the mandible appear 
nearlj" straight in the greater part of their length, both in the lateral 
and the ventral aspects. In the latter, their anterior ends present a 
sudden incurvature towards the symphysis, which is not longer than 
in ordinary Lizards ; and, as in them, the union of the rami is effected 
by ligament. The contours of the alveolar edges of the rami have 
an trpward concavity, which is so slight as to be hardly perceptible ; 
and, viewed from above, they form a narrow arch '^|ith nearly straight 
sides. The inner and superior angle of the sym^ysial end of each 
ramus is separated by an interspace from its fellow, above the sym- 
physis. The surface of the ramus at this part is tooth-like in 
aspect, from the density of the bone of which it is composed. 
Externally, just where the bent portion of the ramus passes into tho 
Q.jr.G.8. No. 172. 3iL 
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Pigs. 1~6 . — Diagrammatic views of the Skulls of Hyperodapedon, 

jproportio'ns 


Pig. 1. — Skull of Hyperodapedon^ side view. 



Pig. 2. — Incomplete Skull of llhynchosaurus^ side view. 



Fig, 3. — Skull of Sphenodon^ side view. 



straight part, there is a strong conical tooth, the base of which is 
imbedded in the substance of the ramus. This is followed by a 
series of distinct, acutely conical, teeth (also ankylosed to the jaw) ; 
these increase in size backwards up to the last three, which gradu- 
ally diminish. The anterior six or seven of these teeth are very 
dose set, but quite separate. 

In Hyperodapedon^ the mandibular rami are extremely massive, and 
are ankylosed together in front, throughout their long symphysis 
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KhynoliosaTiriis, a'tvd Sph.eiiodoii, illustrating the variations in their 
and form. 

Fig. 4. — Skull of Hyperodapedon^ under view. 



Fig. 5. — Skull of JRhffucJiosdurns, under view. 



Fig. 6. — Skull of /Sphenodon, under view. 



(Plate XXYI. fig. 4). The anterior and superior angle of each is 
prolonged into a “ rostral ” process (r.m), which passes upwards, out- 
wards, and forwards. The two thus leave a wide V-shaped interval, 

a A 2 
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Fig. *7 *’-^IIyperodapedon Q-ordoni, I’ig. 8 , — Hyperodapedon Gordoni, 
Mr. Grant’s specimen. Mr. Grant’s specimen. 

Left side. B,iglit side. 



r,7n. 


Dr. Woodward has afforded me the opportunity of examining a 
very instructive, though fragmentary, specimen of the fore part of the 
skull of a large Hyperodapedon^ the x^roperty of Mr. Grant, of Lossie- 
mouth. The premaxillary rostrum is nearly entire and in connexion 
with the facial bones, as far as the anterior boundary of the orbit on 
the left side. The anterior end of the left ramus of the mandible, with 
its rostral process nearly entire, is almost in place (fig. 7), and on the 
opposite side of the matrix there is the almost complete impression of 
the right mandibular rostral process (fig. 8). Moreover, a cast of the 
outer surface of the left rostral process of the prernaxilla is i^reserved 
in one of the halves of the matrix. The loft rostral process itself is 
quite free, and can be lifted out and examined on all sides. In- 
cluding the anterior extremity, of which only the impression remains, 
it is 57 millim. long, 2'6 millim. deep, and K3 millim. thick at its 
proximal end. The anterior face is more strongly curved than the 
]X)sterior, and somewhat flattened, and it is rather obtusely X)ointod at 
its free end. The inner face is flat, and was evidently closely applied 
to that of the opposite rostral j^rocess in the greater part of its extent ; 
but, in the course of fossilization, a thin layer of matrix has been 
interposed between the two. About the jjosterior third, the inner 
face of each rostral process slopes sharply outwards, and the upper 
margin becomes rounded as it bounds the external nares. Both the 
inner and the outer surfaces of the bony substance of the rostral 
processes are marked by fine close-set longitudinal grooves, and the 
surfaces of the rostral processes of the mandible present similar 
markings. 

The convex face of the left premaxillary rostral process fits closely 
into the concavity of the cast, to which I have referred, and presents 
fine longitudinal ridges which answer to the grooves on the surface 
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of the bone. I conclude, therefore, that the soft parts and any homy 
sheath that may have existed must have decomposed and left the 
bone bare before the sandy matrix set round the imbedded skeleton. 

Of the bones which enter into the composition of the shoulder- 
girdle of Hyperodapedon, the specimen presents remains of the 
interclavicle and the clavicle, the coracoid, and the scapula. The 
interclavicle is a long narrow bone, thin and spatulate towards its 
posterior end. The anterior end bends somewhat sharply towards 
the dorsal side ; but the shape of its extremity, and whether it was 
provided with transversely elongated lateral processes or not, cannot 
be ascortaincd. On the left side it is in connexion with a strong 
and long curved hone, which is obviously a clavicle. Nothing more 
than the edge of a bone which I take to be the scapula can be seen, 
but the left coracoid is well preserved. It is a cheesecutter-shaped 
bone, with a broad blade and a comparatively narrow neck, which 
widens out again to the glenoidal extremity. 

In ^phenodoHf the anterior end of the interclavicle is not bent 
upwards, and is produced into two strong transverse arms, with which 
the clavicles are articulated. The scapula and the coracoid very 
early became un distinguish ably united ; while, in Uyperodapedon, 
they ai)pcar to have remained, as usujil, separate. 

The princifKil bones of the loft fore limb are seen nearly in their 
natural relations (Plate XXVI. fig. 11). 

The humerus has a widely cx|>nnded proximal end of a rhomboi- 
dal shape. In the middle, the shaft is rounded for a short distance 
and then expands into the broad and thick distal end, the ventral 
face of which presents a deep intercondyh>id fossa. On the inner 
side there are indications of a “ median canal. The ulna is stout, 
with a prismatic olocranar prominence, and is somewhat curved longi- 
tudinally so as to be eoiicavc to the interosseous space. The radius is 
more slender and nearly straight. 

The structure of the car])us is not recognizable. The five meta- 
carpals are lireserved in various conditions of completeness. The 
most remarkable feature about them is that they do not seem to 
have differed to any not able extent in length (ITmillim.) ; but while 
the first, second, and third arc pro])ortionally very broad (about 10 
millira.), the fourth has a width of not more than 7 millim., and 
the fifth of 5 millim. 

The humerus, radius, and ulna in though more slender, 

are very similar ; but the ulna is longer in proportion to the radius ; 
the first metacarpal is considerably shorter and at the same time 
thicker than the second, while the second and fourth are a little 
shorter than the third, and the fifth is about as long as the first ; 
and all have much slenderer proportions than those of Hyperoda- 
pedoiK The fore foot of the extinct Lizard must in fact have been 
remarkably short and thick in its proportions. 
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Measurements of the Shoulder-cfirdle and Fore Limb in millimetres. 


Interclavicle, length 

Hyperodapedon. 

SpJnmodon. 

90 (about) 

31 

„ greatest width .... 

17 

3 

Clavicle 

Coracoid, length 

100 (about) 

58 

20 

„ breadth 

42 

11 

Humerus, length 

lao 

33 

„ width at proximal 

end 

02 

11 

„ „ at distal end . . 


11 

„ shaft in the middle. . 

Radius, length 

20 

2-5 

74 

20 

„ width, proximal 

20 

4 

,, ,, distal 

13 

4 

Ulna, length 

74 

25 

„ width, proximal 

30 

5 

,, „ distal 

20 

5 

Metacarpals : — 

i."\ 

. , 

0-5 

ii. 1 

. . 

9*5 

iii. ^ 

17 

11‘0 

iT. 1 

, , 

10-0 

v.J 


0-0 


The right half of the pelvis is exposed : but the i)elvic bones are 
a good deal crushed, and it is diflScult to arrive at an unquestionable 
interpretation of the appearances they present. There is no doubt, 
however, as to the position of the obturator foramen, bounded in front 
by the pubis and behind by the ischium. The former bone (PI. XXVI. 
fig. 12, ph) is transversely elongated, and somewhat narrow in the 
middle ; it widens out at both ends. At the inner extremity it is flat 
and thin, and presents a convex symphysial contour. At the outer 
extremity it is developed forwards into a strong i>repubic process 
and backwards into a thick acetabular portion. The bone is there- 
fore quite Lacertilian. The thick acetabular portion of the ischium 
(Plate XXVI. fig. 12, is) is in connexion with that of the pubis, and 
the concave obturator margin of the bone can be well made out. 
The difficulty is to say how much of the mass of bone which lies 
behind this i^oint (.r, fig. 12) belongs to the ischium and how much to 
the ilium, which seems to be crushed down ujKyn the ischium. If, 
as appears probable, the posterior contour of the ischium is indicated 
by the curved depression (a a, fig. 12), the ventral half of the i)elvis 
will be quite like that of ordinary Lizards, and the rest of the bony 
matter belongs to the ilium. On the other hand, the form of the 
ischium in llhynchosaurus rather leads to the supposition that the 
ischium was expanded inwardly and prolonged further backward, so 
as to be unlike that of Sphenodon, 

The chief bones of the right hind limb (Plate XXVI. fig. 12) are 



There are indications of five motatarsais, only three of which are 
represented in riuto XXVI. fig. 12. They increase in length from 
the first tK) the third, if not to the fourth. The first is 17 millim. long, 
the second millim., the third 45 millim., and each has a breadth of 
about 10 millim. Of tho fourth only an imperfect impression of 
the proximal half remains. These four metatarsals lie close together 
and parallel with one another. The fifth digit was set at a distance 
from the fourth, as is usual in Lizards, hut only the impression of tho 
characteristically broad basal end of the fifth metatarsal is preserved*. 
Tho first phalanx of the first digit is 14 millim. long, and the second 
seems to have had about tho same leiigtli. There are two frag- 
mentary phalanges of the second and third digits respectively. 


Measiireme uts of the Pelvis and Hind Limb, 


Hif'pcrodapvdon. 

Pubis from acetabulum to medial 


edge 74 

Pemur, length' 121 

„ breadth, proximal end .... 41 

„ „ middle 23 

„ „ distal end 36 

Tibia, length 80 

Fibula, length 80 (about) 

Metatarsal i. 17 




ii. 

iii. 


35 

45 


Sphenodon. 


19 

40 

8 

3 

8-5 

26 

25-5 

8 

12-5 

15 


* The indications of the structure of the metatarsus which I have interpreted 
as above, are somewnat obscure. !Even with large-sized figui*es, their value 
could hardly be estimated witliout examination of the origineJ. 



TTPOW HTFEBODAPEBOK OOBDONI, 


68 ^ 


It is obvious, even from these imperfect data, that the hind foot 
of Hyperodapedon was longer than the fore foot, though shorter in 
proportion than that of Sphenodon, It seems also in the gradation 
of the digits to have departed less from the ordinary Laoertilian foot 
than the fore foot does. 

The comparison of all parts of the skeleton, which has now been 
made, leaves no doubt as to the close relations between Hyperodapedon 
and Sphenodoyi, At the same time it makes clear the existence of a 
number of differences, of which the following appear to mo to be the 
most important ; — 

1. The centra of the prmsacral vertebrm are ossified throughout 
and more or less opisthocoelous, especially in the cervical region. 
Moreover there are no intercentral ossifications, 

2. The anterior cervical vertebrae have long and strong ribs. 

3. The external nares are not separated by bone. 

4. The conjoined premaxillary juocesses form a long, conical, 
curved, pointed rostrum, which is received between two rostral pro- 
cesses of the mandible. All these were devoid of teeth, and probably 
ensheathed in horn. 

5. The palatal area is very narrow in front and wide behind, with 
strongly curved lateral boundaries. 

6. The posterior maxillary and i)alatal teeth arc nmltiserial. 

7. The rami of the mandible are united in a long symphysis, 
behind which they diverge widely, and their dentigerous edges are 
strongly concave upwards as well as outwards. 

8. The mandibular teeth are set into a close, a])parently continuous 
palisade iii front, and they become distinct and conical only at the 
posterior end of each series. 

9. The fore foot is remarkably short and stout, with mctacarpals 
of equal length. I find no evidence of the existence of an ‘‘ cct-epi- 
condylar foramen ’’ in the humerus. 

Ilhyyu’liosaitrus^ although allied to Ilyperodapedon, is sharply dis- 
tinguished from the latter by its vertebral and cranial characters ; 
and, in some respects, it occupies an intermediate jdace between 
Hyperodapedon and Sphenodon, 

A specimen in the British Museum (to which I shall refer as No. 1) 
shows the head and trunk in almost undisturbed relation, though much 
damaged in some parts. The length, from the snout to the sacrum, 
could not have exceeded 2S0 millim. ; so that the animal was only 
a little larger than the specimen of Sphenodon of which the measure- 
ments are given above ; and, as the skull was about 80 millim. long, 
it had about the same proportion to the trunk as in Sphenodon. 

The centra of the thoraco-lumbar vertebrae are about 10 millim. 
long and amphicoelous. They present, at each end, a hemispherical 
concavity, each of which occupies about a fourth of the length of the 
centrum, the two middle fourths being occupied by bone. No 
specimen which I have seen shows the characters of the centra of the 
cervical or sacral vertebrae, nor throws any light upon the question 
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of the existence of anterior cervical ribs. There is no evidence of 
the occurrence of intercentral ossifications. 

The abdominal ossicles, so far as they are visible, resemble those of 
Hyperodapedon and Sphernodon^ but no specimen I have seen enables 
their details to bo satisfactorily made out. 

The skull, in its general characters, resembles that of both Hypero- 
dapedon and of Sjdienodon. In contour, it is intermediate between 
the two, having the occiput relatively somewhat broader than in 
Bphmodon and much narrower than in Hyperodapedon, 

The anterior nasal aperture is single, as in Hyperodapedon^ and 
the strong recurved x>remaxillary rostrum has essentially the same 
structure, and probably was ensheathed in a horny envelope. On 
the other hand, the dentary edge of the maxilla is but very slightly 
convex downwards : and, viewed from below, there is a corresponding 
difference from Hyperodapedon, The outward lateral concavity and 
inward convexity of the dentary edges of the maxillae are very slight, 
and consequently there is no such anterior narrowing and posterior 
widening of the palatal surface as in Hyperodapedon, The palatal 
bones are not fully exposed in any specimen, but in one there is 
evidence that they bear certainl}^ not more tlian two longitudinal 
rows of teeth, perhaps only a single row ; consequently they are 
narrow, as in Bjdienodon ; and, as in the latter genus, leave the ante- 
rior portions of the pterygoid bones, which lie between them, un- 
covered (Plate XXVI 1. fig. The symphysis of the mandible 

is relatively short, and the rami do not curve outwards as they do in 
Hyperodapedon, The mandibular rostral processes, between which 
the premaxillary rostrum is received, are short and obtuse (see 
fig. 2, p. 082). 

Thus the skull of lihynchosaurus resembles that of Hyperoda- 
2 ')edon and difiers from that of J^phenotloUj in its single anterior nasal 
aperture, its premaxillary and mandibular rostral processes, and, 
perhaps, in i) 08 ses 8 ing more than one series of palatal teeth ; but, 
in general form, and in the 8hai)c of the maxillae, palatal bones, 
and rami of the mandilde, it departs far less from Sp7i,enodon than 
Hy 2 >erodapedon docs. In another respect, i^/t?/7ic7iosa urns appears to 
differ from both Hyperodapedon and Sphenodon^ in that no distinct 
teeth are discernible on thc5 dentary edges either of the maxillae or of 
the mandible. Without microscopic examination of sections of the 
parts, it is impossible to say whether the maxillae and the mandible 
of lihyncliomurus were really edentulous or not. If they were, this 
genus will present an interesting approximation to the Anomodontia. 

Two other specimens (No. 2, and its counterpart, No. 3) display 
the coracoids (co) in place (Plate XXVII. fig. 3). These hones are 
broad and expanded, 34 millim. long and 20 millim. wide, and 
have convex median edges. Close to this edge of the right coracoid 
(in No. 2) lies the interclavicle {i,cl,\ 30 miUim. long. It is 
narrow, blade-like, and bent dorsad at its anterior end. Here it 
expands transversely into two arms, which are short, but are not 
improbably broken. The clavicles are wanting, unless the part 
marked cl. in fig. 3 represents one. 

In the specimen oi llhynehosaurtis to which I have already referred 
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RS No. 1, mucli of the skeleton of the right fore limb is preserved. 
The right humerus is 40 millim. long, and has widely expanded 
proximal and distal ends. The radius has about the same length. 
There are more or less well-preserved remains of five metacarpsils. 
The first has about half the length of the second, which is about 
equal to the third. 

In the specimen (No. 2) all five digits of the manus are dis- 
played. The fifth metacarpal, which is broad and short, as in Sphe- 
nodon^ and three or four of the phalanges of the fifth digit are in place 
(Plate XXVII. fig. 8). In all respects, this foot is more like that of 
Bphenodon than that of Hyperodapedon, 

The impressions of the ischia are very well shown in No. 3 (Plate 
XXVII, fig. 4, is). They are broadly triangular in shape, with the 
angles rounded off. The symphysial side is 25 millim. long ; while, 
from the symph^’sis to the acctalmlum, transversely, the bone measures 
20 millim. In front of the left ischium there is seen, in the place 
which ought to be occupied by the pubis, the imi)ression of a broad 
flat plate (Plate XXVII. fig. 4, ^>6), 25 millim. from side to side by 
10 antero-posteriorly, the posterior edge of which is, for its inner 
two thirds, in close contact with the front edge of the ischium, 
leaving only a small space to represent the obturator foramen. I 
cannot take this impression to rei)re8ent anything but the pubis, 
though its form and position are somewhat unusual. The femur is 
57 millim. long, and the shaft is curved like an J. The tibia and 
fibula are each 50 millim. long. The astragalus and calcaneum are 
separate (as in /dphenodon)^ and have the ordinary Lacertilian form. 
A large distal tarsal bone (as in S2>7ienodon) affords an articular 
surface for the fifth metatarsal, which, with the four phalanges of its 
digit, is preserved (Plate XXVII. fig. 4, ?>). This digit differs but 
little in size and form from the corresponding digit in Sphenodon ; 
and it is therefore remarkable that the fourth metatarsal of Rhyncho- 
sauru^ is very much broader than that of Sphenodon, and half as 
long again. The third and second metatarsals aro nearly as broad, 
but shorter. The first is relatively shorter and thicker (Plate XXVII. 
fig. 6). 

Two imperfect series of tail-vcrtehrm show that, in the anterior 
caudal region, the vertebrae were provided with long and strong 
chevron bones (Plate XXVII. fig. 2). 

The evidence which has now been adduced appears to me to prove 
that Hy perodapedon.^ Rhynchosaiirus^ and Sp)7ienodon constitute a 
peculiar group of Lacertilia, the skeletons of which are distinguished 
from those of all other recent or extinct known forms by the com- 
bination of the following characters, namely : — the premaxillary 
rostra ; the longitudinal series of palatal teeth, bounding a groove, 
between which and the maxillary teeth the hinder mandibular teeth 
are received ; the abdominal ossicles ; and the absence of procoelous 
praesacral vertebrae. This group of SpTienodontina falls into two 
families, the RTiyncTiosauridce and the SpTienodontidce. 

The RTiyncTiosauridce have a single external nasal aperture 



692 


PBOF. T. H. miXLEY OBSSBrATlOBS 


edentulous pTemaxillary and mandibular rostra, probably corered 
bom, the former received between the latter ; sometimes more 
than one series of palatal teeth ; and eitJier amphicoelous, or more or 

}88opisthocoelous,pra3sacrfiirertete. 

This family contains Hyperodapedmi anA Bhyr^saurus, readily 
distingmshed by the cranial, veHebral, and dental diffeiencea given 

^ The SpTienodontidce have divided external narea; a toothed pre- 
maxinary rostrum, not horn-covered, nor received between mandl- 
hular rostral processes ; a single series of paJatnl teeth ; and amphi^ 
cceloua vertobrso. 

It is very interesting to observe thatf so early as the Triassic epoch, 
the group of the Sphenodontina had attained its highest known 
degree of specialization, Hyperodapedon being in all respects a more 
modified form than Sphenodon. It appears a probable conclusion 
that in the Permian epoch or earlier, Lacertilia existed which were 
less different from Sphenodon than either Hyperodapedon or lihyn- 
c?iosaurus. 


I am unable to discover any feature in the organization of either 
Hyperodapedon or llhyncliosaarus which supports the supposition, 
sometimes entertained, that these reptiles departed from the ty])C8 of 
structure found among existing Lacertilia in an}’ greater degree than 
these (e. g. Monitor, Chamodeo,Geclco,^pltenodon) do from one another, 
or that they present any approximation to other Orders of Bex)tilia. 

The evidence now oflered concurs with that afforded by the 
structure of Telerpeton, in establishing the heliiff that the Lacertilian 
typo of organization had, in the Triassic ej^oeh, attained x)erfectly 
clear definition from all others ; and it further shows that, in 
Hyperodapedon, the type had attained a degico of BX)ecialization on 
a level with that exhibited by any modern Lizard. 

The relations of the Sphenodontina with other groups of Keptiles 
of approximately the same age, in which the anterior ends of the 
jaws tend to assume tho characters of a beak, with or without 
palatal teeth (^Dicynodon, J^Jndothiodon^, and with such forms as 
JPlacodas, cannot, I think, be j)rofitably dealt with until more is 
known of the organization of the latter. 1 may add that I ana 
unable at present to see any good grounds for the a]>i)roximation of 
JShncedosaumis to Hyperodapedon, 

In his valuable account of the Indian species of Hyperodapedon 
(‘ Indian Pre tertiary Vertcbrata,’voL i. 1885), Mr. Lydekker assigns 
various detached bones to this genus on very fair grounds of proba- 
bility. The absence of intervertebral ossifications in H, Gordoni, 
however, would seem to diminish that probability so far as the 
vertebrae are concerned. 


EXPLANATION OF THE PLATES. 

Plate XXVI . — Hyperodapedon Gordoni. 

Fig. 1, 2. Upper and lateral views of tbe skull. ^ nat, size. 

3. The palatal surface of the skull, so far as the adherent mandible 
permits it to be seen. ^ nat. size. 
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Fig. 4r- Under view of the mandible. ^ nat. size. 

6. Front view of the premaxillary rostrum and the anterior nares. 
^ nat. size. 

6. Series of mandibular teeth : a, anterior, p, posterior end. Nat. size. 

7. The remains of the atlas, and fig. 8, the succeeding cervical vertebra. 

Nat. size. 

9. Prosacral vertebra, with the proximal end of a rib. Nat. size. 

10. The remains of the first sacral vertebra. Nat, size. 

11. The left fore limb. ^ nat. size. 

12. The right hind limb. ^ nat. size. 

Plate XXVII. — JlhyncTwsaurus articeps. 

Fig. 1. Under view of an imperfect skull. Nat. size. 

2. A series of caudal vertebra. Nat. size. 

3. The right shoulder-girdle, ventral aspect (No. 2), and the left fore 

limb, dorsal aspect (No. 3). Nat. size. It is doubtful whether cl 
is really the clavicle. 

4. Impressions of the left pubis and ischium, and remains of the bones 

of the left hind limb as they lie in No. 3. Nat. size. 

5 Right liind foot, ventral aspect (No. 1). Nat. size. 

Discussion. 

The President remarked that he felt he only expressed the sen- 
timents of all the Follows present in welcoming^ back their past 
President to the scene of his former triumphs. The type specimen of 
Hyperodapeclon was so imperfect that it was marvellous the charac- 
ters ascribed to the genus required so little modification in conse- 
quence of the far more perfect specimen now described. 

Mr. Hulke could only re-echo the Prosideiit’s congratulations on 
the reappearance of Prof. Huxley. Ho could but admire the clear 
manner in which this very interesting reptile had been described by 
him. 

Dr. Getkie recalled the early controversies about the age of the 
Elgin Sandstones, and pointed out that no satisfactory stratigraphical 
solution of the puzzle had yet been found. A lino between the beds 
with Mesozoic Ileptilia and those containing ITolopty chins would 
never have been drawn but for the extraordinary contrast of the 
organic remains. phj^sical characters it was not possible to 

separate thorn. 

Prof. Seeley said that caution was necessary in concluding that 
such types were limited to one system. The Bep tiles of South 
America associated with Lepidodendron and Schizodus^ partly de- 
scribed by Prof. Cope, have close affinity with some from South 
Africa which are usually regarded as Triassic. 

The form of articulation of the vertebrae being merely generic in 
Amphibia, it is not surprising to find that some reptiles have opis- 
thocoelous vertebrae. Some recent lizards also show peculiar forms 
of the abdominal ribs, as in Plesiosauims, which are present in many 
Triassic reptiles, though enveloped with matrix, so as to form abdo- 
minal rods like those seen in this fossil. In conclusion, he spoke of 
the satisfaction he experienced in once more hearing Mr. Huxley. 

Mr. Ltdekreb noticed the occurrence of Hyperodapedon in India 
associated with Parasuchus and Belodon ; but the associated v^r- 
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tebr80 are amphicoelous. The maxiHo-palatines appeared perfectly 
similar, more so than he at first believed ; indeed there was scarcely 
apparent specific difierence between those described by him and 
those of the new Elgin specimen. 

Mr. Whitakeb wished to thank Prof. Huxley for the good lesson 
given by the absence of dogmatism in his paper. 

Dr. Baxtb inquired as to the development of the parietal foramen. 

Prof. Httxlet said that he could not find a trace of any such fora- 
men in Hyperodapedon, 

Dr. Baub said that this showed the specialization of Hyperodor- 
pedon, Simcedosaurus or Champsosaurvs must have some relation 
to Sphenodon^ but it is also a specialized form. He pointed out some 
vertebral points of similarity between the former and Sphenodon. 

With regard to the systematic position of Hyperodapedon and its 
allies he would prefer putting them under the liliynchocephalia apart 
finm LacertiHa as a group equivalent to Ophidia and Mosasauria. 

Dr. Blanfobd described the relative position of the Hyperoda- 
pedon-hediS in India, showing that they were, in all probability, 
later than the Di^/wocZon-beds, and closely allied, if not identical, 
with the beds containing fishes of Liassic type. He also noticed 
that Uromastix^ an agamoid lizard which shows some points of re- 
semblance in dentition to Hyperodapedon^ is exclusively herbivorous. 

Prof. Boyd Dawkins said that Mr. Charles Moore’s examination 
of the Rhastic strata which overlie the Hyperodapedon-hediS of 
Elgin, proved that the latter occupied the same palceontological horizon 
below the Jurassic series as the Hyperodapedon-he^^ of India men- 
tioned by Dr. Blanford. 

The Pkesibent said, the difllculty about the position of the Elgin 
beds was not so great as was often sup})08ed. In the Old Red- 
Sandstone quarries fish-remains are by no means rare, but in the exten- 
sive quarries whence the reptiles have been procured no fishes are 
found, and recently the reptiliferous bods have been shown to overlie 
nnconformably the Holoptj^chian beds. The whole of the strata are 
greatly faulted and covered with drift. Hyperodapedon and Dicyno'- 
don certainly occurred together, and the sjiecimens of the latter were 
being worked out by Dr. Traquair. The Rhsetic fossils obtained by 
Mr. Charles Moore were from a boulder. 

Prof. Huxley, in reply, said he remembered the time when 
palsBontological papers were not received with such general consent. 
He begged leave to thank the President and Eellow^s for the very 
cordial reception they had given him. He was unable to agree 
with Dr. Baur’s views as to the classification of lizards and their 
allies, and considered that it was undesirable to multiply great 
groups too much. The Rhynchocephalian forms did not appear 
to him to have any real affinity with Simeedosaums, nor were they 
so much generalized as, for instance, Telerpeton, Probably in Car- 
boniferous times the gap between Labyrinthodonts and Lizards was 
bridged over, and intermediate forms occurred. 
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48. Note on some BurosATmiAS Bemaiss in the Collection of A. 
Leeds, Esq., of Eyebiiry, Northamptonshire. By J. W. Httlke, 
Esq. (Bead June 23, 1887.) 

Is a short visit which I made with Dr. Woodward in May 1886 to 
Eyebury to see the very rich and highly instructive collection of 
Saurian fossils made by Mr. A. Leeds from the Kimmeridge Clay of 
Northamptonshire, two series of remains arrested our attention by 
the close resemblances they bore to those of the Wealden Omi- 
thopsis^ H. G. Seeley, to Omosaurus^ B. Owen, and to certain of 
the American Jurassic Dinosaurs described and figured by Prof. 
O. C. Marsh. We had not at that time with us on the spot the 
materials for instituting an exhaustive comparison, but on a second 
visit to Eyebury, recently made, I took with me Sir B. Owen^s 
and Prof. O. C. Marshes memoirs, and with these by me I re- 
examined the two series of fossils. The results of this renewed 
inquiry are so interesting that I venture to bring them under the 
notice of the Geological Society. 

Part I. — Obnithopsis Leedsii. 

ORNiTnopsis, H. G. Seeley. 

Synonyms ; EucamerotiiSy Hulke ; Cetiosaurus, B. Owen, partim ; 
CetiosauruSy Phillips, partim ; ClioncJrosteosaurus, B. Owen, 
partim ; Bothrospondylus^ B. Owen, partim. 

The remains in Mr. Leeds’s collection referable to this Dino- 
saur, or to a very nearly allied form, comprise several vertebrse, 
ribs, both pubes, both ischia, the right ilium, and many small 
fragments too imperfect for reunion and identification. 

Vertehren . — -A 11 the vertebrae are, I think, referable to the trunk ; 
they comprise four centra, and some portions of neural arches and 
processes. All the centra are much crushed and distorted, and 
they have lost their arches. They display the large chambers 
opening externally in the lateral aspect of the centrum, and exca- 
vating this latter so deeply that the chambers of opposite sides 
nearly meet in the median antero-posterior plane of the centrum 
under the neural canal, being separated there only by a thin, bony 
partition, remains of which are preserved in one specimen. The 
following measurements will give some idea of the bulk of the least 
mutilated of four centra ; but it should be borne in mind that these 
very imperfectly represent the dimensions of its true figure. The 
present horizontal diameters of the two articular faces are 29 
centim. and 28*5 centim. The same diameter taken at the middle 
of the centrum is 19*5 centim. The length of the centrum between 
the two articular faces, taken at the under surface, is 14 centim. 
This surface is much incurved in the longitudinal direction, which 
gives the centrum the appearance of being strongly constricted at 
its middle. I<»think it probable that some degree of constriction. 
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originally existed, but that this has been greatly exaggerated by 
compression since death. 

Itibs . — A nearly comjjlete vertebral rib, being about three times 
as large as the longest rib in the articulated skeleton of an 
Elephant of average stature preserved in the Museum of the Royal 
College of Surgeons, gives an idea of the great girth of the thorax in 
this Riuosaur. This rib presents a distinct neck and shaft, which 
include between them a present angle of about 90"^. The vertebral 
end of the rib is unforked ; the capitular and the tubercular articula- 
tions were therefore both seated above the level of the neuro-central 
suture on the transverse process of the corresponding vertebra. In 
extant Orocodilians this arrangement obtains first at the 11th or 
12th vertebra, and this rib is usually the third in that segment of 
the vertebral-costal series in which the vertebral ribs are connected 
with the thoracic sternum by sterno-costal cartilages. So far, 
therefore, as the Crocodilian analogy warrants the inference, this 
Dinosaurian rib belonged to the scapular region of the thorax. The 
length of the neck of the rib, taken from its capitular end to the 
angle which it includes with the shaft, measures 34*5 centim., and 
that of the shaft, which has a slightly /-sha]3ed double curve, taken 
along a straight lino between its extreme points, is 152 eentira. 
The upper border of the neck is a])proximately straight, while the 
lower border makes a regular downward curve, and this part of the 
rib rapidly exi)ands in its vertical dimensions, attaining a maximum 
measurement of 20 centim. across the angle. From here the 
breadth declines, becoming only 9*7 centim. at the distance of 
41 centim. from the angle. This reduced breadth continues with 
little variation for a considerable distance, and then augments 
towards the ventral end, where it is 13 centim. The expanded part 
of the neck and angh^ of the rib is a relatively angularly folded 
plate, exhibiting in its posterior or visceral aspect a deep, longi- 
tudinal hollow. Tho outer surface exhibits the commenceraent of a 
longitudinal ridge which subdivides this surface into a posterior 
part somewhat convex transversely, and an anterior part slightly 
hollowed. The part of the rib behind the ridge is stouter than 
that in front of it. In its vertebral third the cross-section of the 
shaft of the rib is a triquetrous figure ; beyond this the shaft 
becomes flattened as its breadth incretises towards its ventral end. 

Pelvis , — The ilium, ischium, and the pubis all contributed to the 
composition of the acetabulum, tho last-mentioned bone not being 
excluded from it as in Crocodilians. The pubis and the ischium 
diverge, the former being directed forwards^ downwards and 
inwards, the latter bachivards^ downwards and inwards ; the pubis 
also is not divided into a proD- and a post-pubic segment : in both 
these respects this pelvis differs from that of the Iguanodontidae. 
One ilium only, and this in a very mutilated state, was obtained : I 
regard it as the right. Its present length is 84*5 centim. Of this 
the chord of the acetabulum is about 40 centim. long, and the length 
of the prteaco tabular portion 45 centim. The maximum breadth of 
the acetabular surface is 17*5 centim. between its'^ inner and its 
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outer borders. The praeaeotabular portion of the bone is narrow 
relatively to its len^h, its depth, or width, near the middle 
measuring about 15*5 centim. Its borders through a great part of 
its length are roughly parallel- l^he sacral aspect of the bone is 
rough and much damaged. Attached to it are j)rojecting fragments, 
which may be parts of the iliac extensions of sacral cestoids. The 

Fig. 1 . — Pelvis of Ornithopsis Leedsii, yrom the Kimmcridcfe Clay of 
Northamptonshire. About onc-twenticth natural size. 



ptihis has the form of an expanded, oblong jdato, wider and stouter 
at its ends than at its middle. Its iliac end contributed about J to 
the circle of the acetabulum. The roughness of its curved ventral 
end suggests the former presence of a cartilaginous lip for sym- 
physial union with its fellow of the opposite side. The anterior 
border is incurved. The posterior border for the space of 40 centim. 
is straight, and throughout this extent was connected with the 
corresponding border of the ischium, the suture, when the bones are 
articulated, lying in a nearly vertical plane transverse to the axis of 
the trunk. From the loAver end of the ischial suture the posterior 
border of the pubis changes abrui^tl}" its direction, tending forwards 
for a space of about 38 centim. This part has sustained some 
mutilation, so that its extent is not shown ; but a small part of the 
natural margin is preserved near the symphysial end, and this suggests 
that the missing part was incurved. The outer surface of the bone, 
in its upper part, is sinuous in a direction transverse to the long axis, 
being gently concave behind and convex in front of the axis. The 
length of the bone from the acetabular part to its symphysial end is 
95 centim., the width of its symphysial end 40*5 centim., that of the 
acetabular end is approximately estimated at 40 centim., and that at 
Q. J.G.S. No. 172. 3 b 
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tho lower end of the piibo-ischial suture is 50 centim. An oval fora- 
men, 6*0 and 6*5 centim. in its two diameters, pierces the bone at a 
spot not far from the acetabular and ischiatic borders, and 31 centim. 
distant from its anterior border. 

The ischium is a much narrower, less expanded bone than tha 
pubis. Its long axis appears as if twisted, the outer surface in the 
uppen part looking outwards and in the lower part of its extent 
having also a backward inclination. Its length is 91 centim., the 
breadth at its upper end, taken between the posterior angle of it» 
iliac suture and the lowest point of its pubic suture, is 35 centim. 
llelow this tho figure rapidl)'^ contracts, so that at tho middle of the 
bone the width is only 15*5 centim., and this continues till towarda 
the lower end, where it enlarges to 17 centim. 

The resemblances which these remains — I refer particularly to the 
pelvic bones — present to those of the Weald en Ornithopsis are so 
obvious as not to admit of any doubt respecting the very near 
affinity of these two Dinosaurs, if, indeed, they are not actually 
identical. The chief differences observable, the much larger size 
and the massiveness of the Kimmeridgian form, are of a kind which 
may merely express the greater age of this individual, and they do 
not indicate generic distinctness. Pending, therefore, the acquisition 
of new materials which, x>ermiting the extension of the comparison 
to other parts of tho skeleton, will furnish a decisive solution of tho 
question of affinity or identity, it api)ears to me x)referable to include 
tho Kirameridgo Dinosaur in the genus Ontithojisis than to make 
a new genus for it. I jnopose for it the specific name Leedsii, 
in recognition of the liberality with which ]Mr. A. Leeds affords 
to scientific inquirers the oi)i)ortuuity of studying his valuable 
collection : and I am hajqiy to cxj)ress here my X)orsonal obliga- 
tion to him and Mr, Ch. Leeds for much valuable assistance 
kindly rendered in the course of my inquiry. 

In a former communication i o this Society I expressed my con- 
viction of tho wery near affinity of Cctiosauriis oo'oniensis and Onii- 
thopsis*. This was based chiefly on their vertebral resemblances ; 
for tho ischium and pubis of tho latter were then unknown. But 
tho similarity is not less striking between their j^elves, as will 
become evident upon a comjjarison of the figure of the inferior pelvic 
elements of Ornithopsis in ])1. xiv. vol. xxxviii. of the ‘ Quarterly 
Journal’ of our {Society with the diagram at p. 277 in Phillips’s 
‘ Geology of Oxford ’ (London, 1871) ; only, because tho bones are 
represented misplaced, each figure in this diagram must be 
turned over, the margins of the j^ubis and ischium in proximity 
to which the measurements 1, 2 occur should be removed from these 
numerals, and the roughened borders near tho word “ ilium ” should 
be joined vertically below the letter “ u.” AVhen this very excus- 
able error has been rectified, the resemblances of the two pairs of 
pelvic elements are very significant. 

Quart. Joum. Geol. Soc. vol. xxviii. p. 36, vol. sxxv. p. 757, vol. xxxviii. 
p. 374. 
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Of tlie taxonomic position of OrnitJiopsiis in the Order Dinosauria 
there cannot be any doubt. Accepting Prof. O. C. Marsh’s classifi- 
cation as best representing our present knowledge of the order, Onii^ 
thopsls certainly falls into the group Sauropoda, and should find its 
place amongst the members of the Atlantosauridas. 

Part II. 

Omosattbijs. 

The remains which in May 188 () were thought by Dr. Wood- 
ward and m5"self to be referable to Omosaurus, a Dinosaurian genus 
of which the typo specimen, from the Kimmeridge Clay of Swindon, 
is preserved in the British Museum, comprise a sacrum with 
both ilia, a caudal vertebra, parts of the other vertebral centra, a 
femur, a metapodial bone, and many small and indeterminable 
fragments. 

Pehfis , — The sacrum^ still retaining its connexion with the ilia, 
is mutilated, and it has been flattened and otherwise disturbed by 



I)ressure, which has overthrown and squeezed down the spinous pro- 
cesses upon the right transverse processes, hiding the junction of these 
with the neural arches. The centra of the vertebrae have disapi>eared, 
so that in a ventral view the under or neural surface of the neural 
arches is seen. The arches appear synostosed, thus forming a 
continuous vault in which the original distinctness of its several 
segments is doubtfully traceable, a structural arrangement architect- 


700 


Mlt. J. W. HULKE OX 


urally imitating the roof of a brain-case. The spaciousness of this 
sacral expansion of the neural canal may be inferred from the di- 
mensions of the be8t-x)re8erved part of the roof, which are 16*5 centim. 
longitudinally, and 8 centim. transversely. The transverse processes 
of the sacral vertebrae are long, the second on the left side measures 
24'8 centim. ; their vertical extent was considerable, their fractured 
and mutilaled lower border suggests their downward extension below 
the neuro-central suture u])on the lateral aspect of the centrum. 
The number of sacrjil vertebrae, inferred from that of the transverse 
processes prolonged to the ilium, is four. Two in front of these I 
am inclined to regard as lumbar, from the different direction and 
length of the trans\ erso processes. 

Ilia . — The ilium is remarkable for the great length of the prse- 
aoetabular x)rocess ; that of the left iiinrn (the bettor j^reserved) is 
53 centim., the present entire length of the bone being 85*5 centim. 
The breadth of the ])rocess taken just in front of the acetabulum is 
18 centim., and at the distance of 1 5 centim. from its free anterior 
extremity it is 1 5 centim. ; thus the borders of the j>roccss are almost 
parallel. The acetabulum is cax)acious, the length of its chord 
is 24*7 centim. The i)art lying above the acetabulum presents a stout 
crest, which now x)rojccts externally beyond the outer liji of this 
cavity, but which probably, before the bone was distorted by i)ressure, 
was more erect. The longitudinal outline of tliis crest ascends for- 
wards in a convex curve from the posterior extremity of the ilium 
to above the middle of the acotahuluin ; in front of this it descends, 
becoming concave, and is lost upon the jirocacetabuiar jirocess. 

VerUhrev .. — A caudal vertebra, well preserved, closely reproduces 
in its general features those of Omomuru^ armahis. The total height 
of this vertebra from the apex of its s})inous process to the lowest 
part of the jjosterior articular surface is 38*1 centim. ; the licight of 
the spinous process and arch is 20*5 centim. ; the vertical diameter 
of the anterior articular face is 11 *2 centim., and the transverse 
horizontal diameter 9*2 centim., the same diameters of the ])C)storior 
articular surface being 12*(> and 11*2 centim. ; and the antero-i)os- 
terior dimension or length of the centrum is (v8 cenrim. Thus the 
spinous process is lofty, the contour of the articular surface is nearly 
circular, the vertical dimension slightly preponderating. The figure 
of these surfaces is gently concave, the dcijrcssion of the j^osterior 
slightly exceeding that of the anterior surface. The right transverse 
process, nearly entire, has the figure of a triangular vertical plate. 
Its lower border is directed nearly horizontal!)" outwards, its upper 
border descends, its base, borne chiefly by the centrum, ascends above 
the neuro-central suture upon the side of the arch. The free end of 
the process, swollen and obliquely cut, exhibits appearances which 
suggest its having borne a rib, as occurs in a few anterior caudal 
vertebrae of some existing Lizards. The depth of the transverse 
process near its base is 14*8 centim., its length is 9*4 centim. 
Below the transverse process the surface of the lateral aspect of the 
centrum is depressed, being concave longitudinally and vertically. 

Two other very imperfect vertebral centra have a slightly con- 
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stricted cylindroid form with plane or gently concave articular ends. 
The presence of a large internal space now filled with clay points to 
the persistence of an intraccntral, nodal swelling of the notochord. I 
refer these vertebral centra to the lumbar region. 

Femur , — This bone (the left) is in excellent preservation, though 
somewhat flattened by pressure. In its straightness, and scarcely 
observable axial twist, it closely repeats the femur in the typo of 
Omosaurus arraatus. Its proximal end bears a well-marked oval 
articular caput separated by a shallow depression from a massive 
external trochanter lying at the same level, and not divided from 
the shaft by the deep narrow cleft which is so marked a feature in 
the Iguanodontidae. The distal end of the bone exhibits the common 
condylar division ; the inner condyle is rather more prominent an- 
teriorly, the outer condyle broader. The dorsal or extensor surface 
is traversed longitudinally by a depression, wide and shallow in its 
proximal part, narrower at the middle of the shaft, and deeper and 
wider distally, where it runs out between the condyles. A low, 
narrow, but perfectly distinct, crest-like inner trochanter is present 
at the inner border of the bone, at the middle of the shaft. The 
posterior intercondyloid groove is deep and wide. The length of 
this femur is 100 centim., the breadth of the proximal end is 28 
centim., that of the distal end 27 centim., and that of the middle of 
the shaft at the level of the inner trochanter 18 centim. ; the 
diameters of the caput femoris are 12-5 centim. and 14*5 centim. 

Metapodium , — A bone which I refer to the metatarsus, from its 
likeness to the metatarsals of Steffosaur^^s (all the component bones 
of the foot of which are flgured by Prof. O. C. Marsh), is 14‘l> centim, 
long. Its shaft has a cylindroid figure llatttmod at one side. Its 
middle is gently constricted, and its ends expanded. The contour 
of the proximal end is a roughly quadrilateral figure, in which the side 
answering to the flattened sides of the shaft is straight, the oj)posite 
side being convex. The distal end is unequally subdivided into two 
condyles, the larger of which is prolonged much further on the 
plantar aspect than is the other. This longer condyle coincides with 
the convex border of the shaft and similarly convex aspect of the 
proximal end. I am disposed to refer this bone to the outer side of 
the left foot. 

The correspondence of these remains with those of Omosav/rus 
armatufi. It. Owen, is so close that I cannot hesitate to refer to this 
genus the Dinosaur which they represent. The chief differences, the 
less massive forms of the bones and the hollowness of the vertebral 
centra, may only express differences of age. In these points and 
also in the more narrow and elongated form of the proeacetabular 
process there is a closer approach to SUyosaurus O, C. Marsh, 
between which and Omomurus^Wic very closest afiinity exists. Por 
this new species I propose the distinctive name of Omosaurun duro- 
hrivensis, from the name of a Homan settlement near the present 
site of Peterborough. 

Dermal Arrmur , — All the remains just described were associated, 
affording a strong presumption of their having all been parts of one 
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individual ; their general facies, also, and the character of the osseous 
tissues leave no doubt on my mind that they are parts of one skeleton. 
From the same locality Mr. A. Leeds has also obtained many frag- 
ments of large, thin, flat, bony plates, which cannot be referred to 
any part of the endoskeleton and which doubtless represent a dermal 
armour. Two of these shields, which have been reconstructed by 
accurately placing together their fragments, show that their ori- 
ginal dimensions were very considerable, the present breadth of 
one being not less than 50 centim., and that of another about 80 
centim. It has not yet been possible to reconstruct them so com- 
pletel}^ as to show their original contour. They are formed of 
two thin tables with an intermediate diploe. The free surface of 
one table is smooth and mostly of finer grain than the other, which is 
usually impressed by long pits and furrows, and these, as also the finer 
grain of the bone, show a radial arrangement starting from the 
stoutest part of the plate, which rises as a low hummock above the 
general level of that which 1 regard as the upper or outer surface. 
This, which presumably represents the centre of ossification of the 
plate, impart/S a stoutness in one plate of 3 centim., thinning out 
towards the iJcriphcry to less than the thickness of a plajfing-card. 
l^erhaps this has betm reduced b}’^ pressure. A few fragments pre- 
serve a natural edge ; this has the form of a slightly swollen lij), bounded 
towards the expansion of the plate by a submarginal groove, a con- 
struction which suggests that adjoining plates may have been linked 
together by intercalated flexible integument. 

The evident close afiinity between Omosauriis and Stegosaurus 
made it very probable that as the former possessed dermal spines it 
would likewise be provided with tegumental plates ; I am therefore 
diBj) 08 ed to associate with the other skeletal remains the ))lates in 
Mr. Leeds’s collection. Should this association be confirmed b 5 ^ new 
discoveries, the question may arise, Does not the association rather 
suggest that the remains should with greater justice be referred to 
Stegosanirus than to Omosaurus'^ 

The Dinosaur they represent has, however, in its femur a distinct 
inner trochanter ; this also is present in the type of Omosaurus armatiis ; 
while it is stated that there is no evidence of its presence in 
Stegosaurus. Should this difterence be confirmed, it appears decisive 
against the generic identity of these two Dinosaurs ; but for the 
moment reservation is necessary upon this subject. 

Dj) to the present time the reptilian fauna of the Kimmeridge Clay 
has been chiefly distiiiguislied by the abundance of Ichtliyopterggia and 
Sauropierygia^ for the numbers of its Ichthyosauri^ its Plesiosauri, 
and its Pliosaiiri, in their many^ and distinctive modifications, not 
less than for the numbers of its Crocodilians, the Teleosauri and 
Steueosamn. 

Evidence is now accumulating that the Dinosaurian group was also 
well represented, and this not by one but by several of its subgroups : — 
(<ar) The Ornithopoda by Iguanodon Prestwichii ; (6) the Hauropoda 
by Ornithopsis or a nearly allied form ; (c) the Stegosauria by Omo- 
satirus armatus and Omosaurus durobrivensis. 
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49. On some I^ew Featfres in Pelanechinus corallintjs. By 
T. T. Q-room, Esq., of St. John’s College, Cambridge. (Read 
June 23, 1887.) 

[Communicated by Prof. T. M«K. Hugubs, F.G.S.] 

[Plate XXVIII.] 

In vol. xxxiv. p. 924, of the ‘ Quarterly Journal of the Geological 
Society,’ Mr. Walter Keeping, F.G.S., described two specimensof aform 
previously referred by I)r. Wright to the genus Jle^yupedina. He 
showed that this form was quite distinct from Heinipediaa^ and gave 
it the name of Pela)^ echinus. It showed, in his oxunion, affinities 
with the Echinothurida3 on the one hand and the Hiadematidse on 
the other. 

These two specimens have hitherto been the only ones known, 
with the exception of a few fragments described by Ur. Wright. 

I was fortunate enough to find in 1881 in the Coral Rag at Caine, 
in a quarry at the north end of the town, a third si^ooimcn which 
shows some interesting features hitherto undcscribod. 

The diameter of the test is about 85 millim. ; it is considerably 
flattened from above downwards. The whole of the oral surface is 
beautifully preserved, w’ith the excejjtion of a sector including one 
nmbulacral and the greater j)art of two inter ambulacral areas. The 
teeth are exi)oscd in situ, together with most of the peristomial 
imbricating idatos ; the latter, how^ever, are not exhibited so clearly 
as in the specimen in the Woodwardian Museum. A zone, about 
15 millim. wide, belonging to the oral surface is also preserved. My 
specimen quite confirms Mr. Keejung’s oi)inion that the test was 
flexible. 

The plates have frequently separated along the line of suture, 
especially on the aboral surface, while the median interambulacral 
lino and the lines of junction between the ambulacral and interam- 
bulacral areas have frequently broadened into gaxung fissures ; the 
calcareous matter between the jdates must cither have been deficient 
or wanting ; the idates themselves are occasionally bent, but very 
seldom broken. 

The Interamhulacral Areas (fig. 1) differ considerably on the under 
and upper sides of the test. At the equator there are two large 
median tubercles to each plate, and two smaller lateral ones ; 
towards the mouth all these decrease regularly in size, and at a 
little distance from the peristome diminish first to three, and then 
to two on a plate, the two innermost rows (i. e. nearest the median 
interambulacrjil line) disappearing first, while the outermost of the 
large tubercles are the only ones that are represented on the last 
plates. Above the equator a similar diminution in size takes place 
in three of the rows ; the innermost row of large tubercles almost 
immediately disappears, as also does the outermost row of the 
smaller tubercles. The outer row of large tubercles retain almost 
their full size. 
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The plates are “widest at the equator, but regularly increase in 
height from the peristome up to the highest point seen. 

Thus on the under surface wc have elongated plates with several 
tubercles, while on the upper surface the plates are deep, bearing one 

Pig. 1 . — Portion of an Inter amhulacral A.rea of Pelanechinus 
corallinus. x 2. 

P 



a. Plates on oral surface. m. Median intcrambulacral line. 

b. Plates on aboral siuduce. j?, Peristomial notch. 

primary tubercle, the greater part, being covered with minute tubercles 
and granulations. 

The plates end abruptly at the peristome in a rounded prominence 
separated from the ambulacra by moderately deep peristomial notches. 

The plates on the aboral side of the test seem to have been free 
and movable upon one another, as they have commonly separated 
along the lines of suture, and the sutures are seen at the equator to 
be the expressions of clean vertical cuts whose edges are often some- 
what smoothed off, while the uppermost plates have their borders 
well rounded. This, I believe, explains the fact that the apical 
portion of the test is wanting in all specimens hitherto found, though 
the rest is so well preseiv^ed. The shape and disposition of the 
interambulacral plates undergo a remarkable change on the upper 
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side of the test immediately after the equator is passed. Their 
boundaries, before only slightly and regularly undulating, here 
become distinctly curved, while their inner extremities become mucb 
less in width than their outer ; the result is that a triangular 
depression (fig. 6) is left in the in ter ambulacra! areas, giving the 
apical area a pentagonal outline. The uppermost plates at the same 
time overlap from below upwards ; this may, however, be due to pres- 
sure, but I believe is natural, as a certain amount of bevelling off at 
the edges is perceptible. 

It is noteworthy that the direction of overlap differs from that of 
the Echinothuridac, but is the same as in Aatropjfija *. This genus 
it also resembles in the behaviour of the interambulacra on the 
aboral side of the tost, the plates undergoing precisely similar changes 
in 8hai)e and disposition t. 

The triangular dci^ressions I believe to bo duo to the projection 
of the genital plates, which were probably large ; the pentagonal 
outline of the central space probabl}^ represents the shax)e of the 
axfical disk, which must have been of considerable size. 

This view is confirmed by the behaviour of the ambulacra, which 
narrow rapidly on the upper side of the test (fig. 5), and show cha- 
racters which indicate that they are not far from their apical termina- 
tion (fig. 4, h). 

In their elongated shape, general appearance and behaviour, and 
in their loose connexion, the intorambulacral X)latcs resemble those 
of the Echinothuridii) and As^tnpyija^ the ujiper plates es^jecially 
(see figs, of Asihenosoma and PJiormosoma 4). 

In the notched i>eristomo, and the contrast between the plates of 
the corona and peristome, and between the ambulacral and interambu- 
lacral areas, the test resembles that of Echinidse and Diadem atidm. 

The Amhulacral Areas (figs. 2 & 3) were not correctly described 
by Keeping §. The structure of the plates is best shown at the 
equator. Each idate is pentagonal and lias nine pairs of pores dis- 
posed in three oblicjue rows, each pair surrounded by a periiiodium. 
It is traversed by two sutures, which extend from margin to margin, 
and indicate the boundaries of the three jirimary plates which enter 
into its composition ; each of these primaries bears a tubercle and 
has at its outer border a jiair of pores. Tlie middle primary is the 
largest and supports the largest tubercle ; its inner border occupies 
by far the greater part of the boundary formed by the median 
ambulacral line ; the aboral primary comes next in size, while the 
adoral is smallest and bears the smallest tubercle. In addition to 
the three primaries there are six demixdates, which do not extend 
from margin to margin ; each bears ordinarily a pair of jiores. The 
grouping of these component jilates is seen in fig. 2. The adoral 

* Wyville Thomson, “On the Echinoidea of the ‘Porcupine’ Deep-sea 
Dredging Expedition ” (Phil. Trans. Eoyal Soc. vol. 1G4, part 2, p. 732). 

t I am indebted to Prof. Jeffrey Bell for an opportunity of examining this 
and other genera in the British Museum. 

$ * Challenger * Report ; Echinoidea, Al. Agassiz ; and Wyville Thomson, PhiL 
Trans. R^al Soc. 1874, pi. Ixv. 

§ W. Keeping, loc. cit. 
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boundary of the compound plates is occupied by a primary ; then 
come two demiplates, the pores of which form with those of the pri- 
mary one of the three oblique rows. The largest primary succeeded 

Fig. 2 . — Two Amlmlacral Plates from the Equator of 
Pelanechinus coraUinus. x 4. 



Fig. 3 . — Amhutacral Plates from above the Equator' of 
Pelanechinus corallinus. x 4. 



by two demiplates forms the second oblique row, while the aboral 
primary with two demiplates forms the third. At one place (fig. 2) 
where some of the pores are aborted, the boundaries of the demi- 
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plates are seen very distinctly. The primaries can readily be traced 
across by means ot the granulations and tubercles covering them. 
The sutures traverse the base of the large tubercle, which thus 
rises from all three primaries. 

I have described the structure of these plates at length because 
I believe the type to be a new one. It does not seem to bo included 
under any of the six types given by Prof. Duncan, in his paper on 
the ambulacra of fossil Echi noidea*. Of these six the only ones 
it at all resembles are the Echinoid and Diadematoid ; from the 
former it differs in having primaries in the middle, and from the 
latter in having dcmiplates in the middle. 

This structure may, however, have arisen from the fusion of three 
oligoporous plates into one ; thus each of the primaries with the two 
demiplates above would ro])rcsent an oligoporous plate. Three of 
these fusing wnth one anolher, together u ith development of the 
middle one with its tubercle at the expense of the two others, would 
give us such a polyporoiis plate as we have before us. 

This phenomenon seems to me quite analogous to the method of 
formation of the oligoporous plates from tliree primaries, especially 
in the case of many Diadematoid and Arbacioid forms in which the 
middle plate develops at the expense of the other two. Whilst enter- 
taining this idea, 1 was much interested to find that towards the 
apex the association between the primaries seems miicli less inti- 
mate, the sutures being rei>laced hy deep fissures, and the adoral 
and aboral primaries with their tubercles relatively larger and more 
independent ; in fact I believe that in the uppermost plates seen, where 
the most primitive condition doubtless 1^® oligoj)orou8 

condition actually obtains, though the jdates are not quite of the same 
size. 

Traced towards the mouth the structure of the ambulacrtil areas 
is precisely the same as at- the equator, and the arrangement is still 
trigeminal. At the peristome the imbricating plates come in sud- 
denly. As the area narrows, the tubercle decreases in size, and the 
middle primary ceases to project much beyond the others, so that 
the median ambulacral line running at the equator in sharp S-like 
curves passes, through less abrupt curves, into a gently undulating 
line finally terminating in an almost straight ])ortion. 

Above the equator the main tubercle again diminishes in size, but 
much more suddenly, in correspondence with a more sudden narrowing 
of the areas. As the middle j>rimary diminishes in size, the ador^ 
and aboral primaries maintain theirs, and their tubercles increase 
rather than diminish in size, so that at the highest point seen the 
primaries with their tubercles show comparatively little difference 
(fig. 3). The plates here seem to be in an oligoporous condition, 
and judging from the diminished width of the areas, the small and 
nearly uniform size of the tubercles, and the gently undulating 
median line, the ambulacral areas are near their aboral termination. 

The ambulacral plates, then, of Pelanechinus may be looked upon as 

* Quart. Journ. Geol. Soc. vol. xli, 188 
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a modification of the oligoporous Echinoid type, in which the two 
aboral primaries are represented by demii>lates ^ . 

They could not, however, arise from the fusion of three of the 
oligoporous plates of the Echinothurida) t, where we also meet 
with a trigeminal arrangement, as there the demiplatcs seem to be 
adorally placed. 

The ambulacral areas seem at first sight to present a considerable 
amount of resemblance to those of Astreypyga pulvinata t. This form 
has oligoporous plates, each of which lias a tubercle, every third 
plate being larger than the other two, this paving rise to an S-shaped 
median line. Prof. Duncan has, however, shown that the triplets 
are arranged after the tyjie of Diademci§, 

Eig. 4. — One of the Rows of Inihrieatiny Actinal Plates in Pelane-* 
chinus corallinus, with the adjacent interamhidacral {i) and 
amhulacral {a) areas, x 



The Imbricating Per istomial Plates (fig. -I). — These, in my specimen, 
are not well shown ; but the results of a re-examination of a specimen 
* Dunoan, loc, cit, 

t It is usunlly stated that the plates of the Ecliinothuriclfe are simple pri- 
maries, but the figures of Agassiz (‘ Challenger ’ Report ) make it clear tliat they 
are, at any rate in many cases, oligoporous, the cleiniplates ( = the so-called acces- 
sory plates) which seem constantly to occur on the adoral side of the primary 
being distinctly fused with the latter. See figs, in ‘Challenger’ Report: — 
Phormos(yma hoplacantha (pi. xiia. fig. V£),Asthevosorea tcssellata (pl.xxi a. fig. 14), 
Asthenosoma Griihei (pi. xvii. fig. G), Astheno.'imna petUu-lda (pi. xviii. fig. 5). 
Joum. Linn. Soc., Zool. vol. xix. p. 95, pi. v. fig. 9, 

Dunoan, Journ. Linn. Soc., Zool. vol. xix. p. 106. 
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in the Woodwardian Museum are given in fig. 4. At one place the 
peristomial plates are beautifully preserved ; here a row of at least 
13 plates is visible, on each of which (excei)t the most adoral, which 
is partially hidden) a pair of pores is seen These, as Keeping 
points out, are arranged approximately in a vertical row. Each plate 
extends from the median ambulacra! to the median interambulacral 
line. This is also seen more or less clearly at other points, both in 
the Woodwardian and my own 8[»ecimen. There are thus 10 rows of 
imbricating plates, and all are perforated b}^ The arrange- 

ment thus differs from that in Cidaris^ where imbricating plates de- 
void of pores are found opx)osite the interambulacral area, but is 
identical with that found in AstJienosonut Gruhei i* , J*honn.osoma hur- 
saria tf Phormosoma JHculenta §, &c. Tlie overlapping plates much 
resemble those ot AstJienosoma 7u/sfri^\\ and of Phormosom,ahiirsnria^ 
and they imbricate and overlap one another in exactly the same wmy. 
The inferior (oral) edge of most of the xdates is tolerably straight, 
but in those nearest the mouth it is raised up into an eminence 
which sux>i)orts a member of one of the three rows of tubercles with 
which those xdates are provided. 

Pedicdlarup, (PI. XXVIll.). — A feature of great interest is the 
occurrence of the structures known as ])edi cellar he. These, which 
were first made known by (). F. Miiller*'*, and have been variously 
looked on as parasites, young stages of Echini^ &c., are now 
recognized as spines xx'culiarly modified for j^rehonsile purposes. 

They have not hitherto, so far as 1 have been able to ascertain, 
been described as occurring in a fossil state. Prof. Zittol remarks 
in his * Handbuch der Paliiontologie,^ vol. i. x>. 474 Pedicellaricp. 
.... are of no i)ractical significance to the paloeontologist, since, 
on account of their delicate nature and small size, they are not 
eai^able of being preserved.’^ I have, however, found them in groat 
variety and abundance, and in beautiful j reservation. 

Though small, they are distinctly visible to the naked eye. The 
only satisfactory way to examine them was, I found, to x>laco the 
whole urchin on the stage of the compound microscope, and use a 
good illumination. If this method were emxdoyed, I btdieve the 
pedicoUarice would be found in many other cases also. 

The pedicellariae of PelauecJiinus are all 3-valved, and their surface 
shows here and there numerous granulations. I have found three 
distinct varieties, and of the three kinds into w^hieh tlie pedicellariae 
of Echinus were divided by Valentintt, whose nomenclature has 
been generally adopted, I believe two are rex)resentcd. 

♦ Prof. Zittel, in his ‘ Handbuch der Palaontolo^jie,’ rol. i. p. rAH, refers to this 
form as having, accortling to Keeping, peristomial ydates devoid of fjores ; this, 
however, is not correct, as Keeping distinctly states that the anibulaoral pores 
are continued over these plates to the mouth. They arc also visible in my spe- 
oimen ; but iig. 3 will remove all doubt. 

t ‘ Challenger ’ Kreijort, Echinoidea, pi. xvii. figs. 1-4. 

X Ibid. pi. X b. fig. 3. § Ibid. pi. x a. fig. 4. 

li Phil. Trans. B^yal Soc. 1874, pi. Ixvi. fig. 1. 

% ‘ Challenger’ Report, Echinoidea, pi. xo. fig. 3. 

** Zoologia Danica, 1788, p. 16. tt Monographi© de rEchinus. 




and then expands again to a broad spoon-shaped piece. The in- 
terior of the valve is shown in figs. 4e and f*. The lower 
portion is seen to be divided by a median crest, which in recent 
pedicellarisD gives attachment to the muscles connecting the valves 
togethert . This variety only occurs in a depression immediately 
surrounding the imbricating plates. They probably have long stems. 

* Fig, l/is very diagnunmatic. 

t P. Geddes, Trans. Eoyal Soc. Edinburgh, vol. xxx. part i. p. 383. 
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(5) On the oral surface of the test, extending to a greater distance 
from the peristome than the last variety, are found a number of very 
slender pedicellariae. These also have three valves ; the base is tri- 

Fig. 6. — Half the Ahoral Surface o/ Pelanechinus corallinua, X If . 



angular and lies nearly at right angles to the long slender prong into 
which it passes. These may perhaps be referred to the type known 
as gemmiform (PI. XXYIIl. fig. 2). The one figured measures 1*16 
miUim. in length. These also probably had long stalks. 





I have found ])odiceliari8D of the varieties a and h on the specimen 
in the Woodwardian Museum. 

Pedicellaria-stems (PI. XXVITI. figs. 4 a, 7>, c, d ). — Xumerous ex- 
amples of those are scattered about- i he test. They vary greatly in size, 
but all agree in having a slender shaft with enlarged extremities ; 
the basal extremity ends abruj>tly, while the free end to which the 
pedicel! ariie were attached is well rounded. I found none in actual 
connexion with the pedioellariae ; but they are readily to bo distin- 
guished from the spines ; they are more slender, and the striations 
on them are much finer. The rounded ends have no constriction 
such as is found among the >lchinothurida> and Diadematidac. The 
stems more resemble those of the Echinidm f. 

Teeth . — I have lastly to mention the teeth. Those were figured 
and carefully described by Wright, in his ‘ JVfonograph of the Oolitic 
Echinodermata ^ Mr. Keeping, when describing Pelane.chimis.,v^^^ 
unable to find the specimen figured by Er. Wright. In companj^ 
with Mr. Xewton, 1 succc^eded in finding it in the collection of the 
British Museum. It is undoubtedly referable to our PelaneAhinus 
corallinus. The cpiiihyses were probably^ not united to form an 
arch above the teeth. 

AJjUnities and Systematic Position , — Of the distinctness of Pelayi- 
echinus as a genus there can be no question. While it resembles 
the Echinothuridte in the flattened shape, in the flexibility and thin- 
ness of the test, in the length, undulating boundaries, shape, and 
general characters of the interambulacral plates, and above all in the 
nature and arrangement of the peristomial plates, yet in the con- 
trast between these and the adjacent coronal plates, and between 
the ambulacral and interambulacral plates, in the notched peristome, 
and in the types and variety of the pedicellarim, it is allied to the Gly- 
phostomata of Pomel (Echinidm and Diadematidsc). 

The flexible test with overlapping plates occurs also in Astropyga 


pi. 


* Phil. Trans. Royal Soc. vol. 104, pi. Ixiv. figs. 4, 5. 

t See figure of Strong yloccntrct us in Al. Agassiz’s * Revision of the Echini/ 
. xxiv. fig. 20. 



Cha^hacters of Pelanecliinus corallhiiis. 

Test, Circular, depressed, thin, and probably flexible. 

Interainhiilacrdl Aretis. Narrow at the ])eristomo, broadening 
rapidly to more than twice the width of the ambulacra at the equator, 
where there are eight rows of tubercles. 

Plates differ on the under and upper sides of the test ; on the 
under surface elongated and with several tuberch's ; on the u])per 
surface broader and with undulating l>oundaries, movable and pro- 
bably ovcrlai3ping from below ui)wards. One primary tubercle on 
each plate. 

Amhidaercd Areas. Less than half the width of the intorambu- 
lacra at the eejuator, narrowing gradually towards the peristome. 

i*lates towards the apex of the oligoporous Echhioid type, with one 
adoral primar}" and two aboral demi plates ; but at the equator 
compounded into polyporous plates with nine pairs of pores arranged 
in three oblique rows, one primary tubercle fur each median primary. 

Peristome. Largo, about j of the diameter of the test. Peri- 
stomial notches of moderate de])th. I'eristomial membrane covered 
with 10 rows of overlapping and imbricating calcified plates with 3 
rows of tubercles on their free edges. Each plate with perforated 
tubercles, spiTies, granules, and a pair of pores ; the successive pairs 
forming a linear scries continuous with the pores of the ambulacra. 

Dental Apparatus. Alveoli powerful. Teeth simply grooved. 

Apical Sf/stem. Probably large and pentagonal. 

Primary Tubercles. Eather small, perforated, and mounted upon 
elevated bases, with smooth and uncrenulated summits ; they are 
uniform over both areas. 

Spines. Small, hollow, longitudinally striated. 

Pedicellarirp. Three kinds (PL XXVIII.) : — 

(a) Small tridactyle from round the peristome, probably long- 
stalked (fig. 1). 

Q. J. G. S. No. 172. 3 o 



714 MB. T T. GBOOM OUT PELANECHINITS COEAlLIinJS. 

(6) Gemmiform from the oral surface, probably long-stemmed 

(flg- 2). 

(c) Large tridactyle, spoon-tipped, from the aboral surface 
(fig. 3). 

Fedicellarior-stema, Long, slender, head without constriction 

(fig. 4). 


EXPLANATION OP PLATE XXVIll. 

Pig. 1, a, b, c, d. Pedicellariee from round the peristome, x50. e. Internal view 
of one of the valves, X 50. f. Internal view of an older one (dia- 
grammatic), X50. g. Basal view of one, X50. 

2. Slender pedicellaria from oral surface, XfiO. 

8, CL. Large tridactyle pedicellaria from aboral surface, seen from above. 
X40. h. Ditto, seen from the side; c, view of basal end; d, view of 
distal end. 

4, a, c, d. Pedicellaria-stalks, X 50. 


Discussion. 

Prof. Duncan said ho had recently gone over Mr. Keeping’s 
drawings, and his interi)reta1ion of the peristomial plates resembled 
Mr. Groom’s. The imbricating plates tire all ambulacra!, there 
being no interradial plates of that nature as in Cidaris, The dis- 
covery of fossil x)ediceUari 00 was quite new. 
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50. K^otes on i7ic METAMORrmc Hocks of S^outh Df.a’on. 
liy Catueiune A. Kaisin, B.Sc. (^lleacl June ISST.) 


(Comumnicated by Prof, T. G. Bosnky, I).Sc.. LL.D., F.K.S., F.G.S.) 


Contests. 


I. UouTitlary of Slaty and ^letamor- 
phic Series. 

1. lIojM' Cove. 

2. West of Saleonibo Kstiiary. 

5. East of Sale<.>tnbe Estuary. 

4. Sout hward of South Pool. 

6. EasI ward of Estuary ; inland, 

nd Hall Sands 

II. Microscope Slides and Eithologi- 
cal Characters of Metamorphic 
Rocks. 

A. Microscope Slides. 

1. Chlorite-Schists. 

2. Micaceo-chloritic Schists. 

3. Mica-Schists. 


j B. Maeroscijpic Structures. 

1. Ill Mica- and Miraceo-ehloritic 
! Schists. Strain-slip cleavage, 

j 2. In Chlorite-Schists, 

j III. Stratigraphical succession in Me- 
j tuuiorphic rocks from their 

northern limit. 

1. (fr) Interbandcd Series. 

(/->) Chlorite-Schist. 

2. {(() Mica-Schist. 

(/>) Tnterbandings ? 

3. Mi car- Schist, 

Estuary south of South Pool, 
j Eastward of South Pool. 

1 IV. Summary. 


There are scanty’ notices, bj’ .Do la Beetle tind other earlier writers, 
of this southernmost part of Devonshire ; but later it has V»een very 
fully described by Professor Bonney*; and taking his paper as a 
guide, I was able during two visits to obtain some knowledge of the 
district. I have ventured to think that a few supplementary details 
might be of some slight interest. 


I. Boundary of Seaty and MErAMORPnic Series. 

As I had not time to visit thoroughly all parts of the district, I 
tried primaril}’ to make an examination of the exposures in the 
vicinity of the junction of the slaty and the metamorphic scries. 
Here I was anxious to arrive independently at a conclusion on the 
question whether metamorphism had affected a continuous series 
of beds, or whether the southern rocks had the character of a sepa- 
rate and probably much older formation. Hence, before visiting any 
of the sections already described, I made expeditions to two localities 
on the shores of the estuary north of Portlemouth, where I found 
exposures, in one place quite, in the other nearly, continuous from 
Devonian to metamorphic rocks. I had no real difficulty in deciding 
when I had passed from one formation to the other, and the opinion 
then formed as to the complete distinctness of the two series was 
confirmed by further examination in the field and by the microscope. 

Along the southern boundary of the slaty rocks, I visited the cliff 
exposures of the eastern and western coasts, those bordering the 
estuary, and 1 also zigzagged across parts of the intervenin|j^ountry. 

1. Hope Cove . — The western limit of the boundary lineBt Hope 
village is marked on the Survey map, and has been described by 
* Quart. Joum. Geol. Soc. vol. xL p. 1. 


3c2 



Fig. 1 . — Map of part of Smth D^ivomhire, (Scale 1 inch to jl mile.) 


6 



Junction of phyllites and metamor- 
Boundary on Sumy Map. 
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Prof. Bonney, as miming out to sea in the cove just north of a 
small rocky headland. 1 was able, owing to a more favourable tide, 
to skirt this headland for a short distance, and found clear evidence 
that its northern face, as suggested, has been deb^riniiu'd by the 
fault.” While the mass of the headland is of mica-schist, fragimmts 
of what are evidently beds of the slaty series arc found coating its 
northernmost portion. They agree with that series in direction and 
amount of dip; and, lithologically, are very like beds occurring at a 
junction near South Pool, to be described immediately. They con- 
sist chiefly of impure limestone, very much indurated and crystalline 
ill character, and of brittle bands of blackish material having a verj’ 
crushed and slickensided look. At a higher Icvtd, whore the scour 
of the waves between liigh and low tide would be stronger, the 
neck of the headland has been worn away ratlier more deeply, and 
exposes down its cliff signs of what I belitne is the faiibed jiMiction. 

2. ^Vest of SaJeoitthr hstitort/, — On the wt'slern short' of Saleombe 
estuar}', as Prof. Bonney lias d<‘serihed, the actual jurmtion is not 
seen ; but wo can easily recognize when, from smooth satiny slates 
dipping evenly to the west of norf/h at about r>;'3\ we liavt? passt'd, 
over a very short interval, on to mica-schist. To the wt‘st of this 
ex])OHure, I noted, in a lane north of Batson, tlie oct iirremu'i of phyl- 
lites* followed by mica- and clilorite-s(!hists, the junction being ratluir 
to the south of the line given on the ma]>, tlius agreeing with the 
position on the estuary suggested by Prof. Bonru‘v. 

B. of i^dlcomhv Eitimnf. — On the op])osiU‘, shore of the estuary 

I landed at Ilahvell Wood, and W'alked southwards by a low cliff, 
where- the phyJlit(!s W(‘re well «*xposed, varying sonu‘\\hat in cha- 
racter, but all clearly of the uniiK'tamorjilioscd scries, having a dij) 
of about 55° to the west of nortli. Some bands AVt'rc fairly good 
slate, others true ihyllitc; while here' and tliei’c* the slieeii surfacis 
devel(>])ed along veined or coarser and more gritty j)ai ts, gav(‘ an ir- 
regular schistose look to the beds, which, however, was easily distin- 
guished as a merely suj)<*rficial likem^ss. South of tlu' phyllites, a 
tiny streamhd- comes down to tlie beach, and the mouth of its slight 
valley extends about 5b yards with no exjmsun's ; then mica-schist, 
at first very brown and df'-composed, forms tlie low cliff. 

4. /<oitt/nf>(inl of iSouth Pool. — Along tlu? arm of tlie (*stuary which 
comes down from South Pool, we can again note where Ihe* junct ion of 
the two sei ies occurs, and W(‘ find it some 200 yards south of the lino 
drawji on the Ordnance map. Tlu' west shore giv(*s us a continuous 
section, and, in spite of the ferruginous rotting whi(h has attacked 
some 75 feet of the rocks, 1 identified, I believe, both the original 
phyllites, with hard calcareous bands similar to those Mdiich I found 
at Hope Cove, and also the much altered, but more massive, rhom- 
boidally-jointed chlorite-schist, which is here the first of the* nieta- 
morphic rocks to be met w "h as we go south. On tlie east shore 
there is a blank of about 1(A> yards (partly occujiied by a cliff of 
recent deposit) which separates the phyllites on the north from 

♦ I use the term phyliite t<> denote a slute in which a large amount of inicro- 
lithic mica is developed. 
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chlorite-schist to the south ; and over this space several very small 
springs flow out. The more recent series consists cliiefly of satiny 
elates, greenish or greyish, splitting with the characteristic crisp 
brittle fraf ture, hert; and there wdth hardened bands of impure lime- 
stone, and cut at ]>laces by thick w'hite rpiarlz veins ; they are 
occasionally contortfid and irregular, but for the most ]>art lie smoothly 
and evenly. The ])hyllites of the w'(;stern shore show a steady dip 
to tlu^ W(^st of north ; wliile the chlorite b(‘ds, including nncaceous 
bands, after some variation, set in dipping towards the south. On 
the eastern bank, tlie slaty beds dip with some exce])tions in a 
soutlu'rly direction but tlu^ cliffs are so low, and, in cuttings into 
the ])byllit(*, J so often not(;d a ttuidency for the u])per part, even 
to a- (le])th of four, live or six feet, to lx* Ixuit over in an o]>])osite 
dir<M tion to tlu? true di]>, that I should hesitates to trust the southerly 
inclination, if there M’ere not a constant, thongli internijded, sug- 
gestion of it over a spaeci of nearly half a mile. 

r>. h'(tsttrari/ of Soulh. Pool Kstuarif . — At Jlall Sands tlu'ro is at 
first sight some litth' diffieidty in fixing the houndary of tlie two 
serif^s : but on more carid'nl (‘xainination, we see tliat 1 }k‘ rocks south 
of the stn'ani all show schist-lik<‘ fracturing, and «ar(^ of very mica- 
ceous eharaeter, only M’ith Komelliing of th(^ look of ])hyllitcs, due, 1 
doubt not, to suhs(Mpi('nt sliekensiding orervisliing. To tin* north of 
the valley the slaty luxls hav(‘, it i*s true, a v<'ry thorough develoj)- 
ment of micaceous siirfaee, and, at plae<*s, a wavy lamination, which 
gives a sup(>rficially schistose* characte'r, especially \vlu*n acc'OTupaTiied 
by corrugji.tioiis and irn-gular vcinings of (juarl/, ; hut tliesc beds are 
soon interrupte’d by cvcidy ch*av(*d true* slaty hands. !My note' made 
on the s]>ot, aftt'r re-e'xamination, was, that “ any simulations of ])hyl- 
lite*, south oC Hall Sands, and any simulations of schist, ne^rtli e)f 
Hall Sands, are* in each cast* local aiul very inexl(*nsive ; a small 
flake' of the^ sotithein cliffs might he mistakeui ff>r phyllile, and a 
veined fragment of tlie^ northern rocks might lx* thought approxi- 
mating to schist, hut ajiy large'v examination, cve*n in the tiedd, would 
show the distinct lU'ss." This eonedusiem, on referring te) VhM)f. Bon- 
ney's pajx'r, 1 found to be' in eemiplcte agrex'nu'iit with his own 
summary of the diflieuliy. 

1 walke'd tliroiigh most eif the lanes lying botwe'cn South Pool anei 
Hall Stinds, and found no diflieulty in deciding whether an outcrop 
was of slaty or of mctainorphic rex k. Over much of the countiy the 
rocks are hielden, but dex']) cuttings ley reeadside's and occasional 
quarries enable*d me to de'cide that the line of fault, trace'd c'astwards, 
bends rather to the south, running out to the sea at Hall Sands, as 
markc'fl on Prof. Bonney’’s map. The boundary runs between the 
South Pool and Chivt'lstone valle‘ 3 's, altmg the seimmit, or the north- 
ern slope, of the rising country’ ; its line is not exactly defined, but 
I rather incline to mark it somewhere along the more southerly’ of 
its possible . ])ositions. Eastwards, to the south of Eord, I found 
some indications, which suggest the continuation of the fault south 
of the main road. Very gotxl ex|K)8ures mark its position as passing 
through Killington, to the south of ^kluckwell, and as having deter- 
mined the lower part of the course of the Hall-Sands streamlet. 
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South of this valley, the most northerly of the met amorphic rocks 
are of chlorite-schist, including micaceous bands. This chlorite rwk 
forms the foundation of some of the Bickcrrton cothigos : it has )>oeu 
worked at one small quarry south of the Bickerton lane, and at an- 
other on the hillside overlooking Hall Sands, and is of an ordinarj", 
but very well-banded character. 

We have thus roughly traced the southern boundary of the phyl- 
litos, and this boundary cuts obliquelj' across the general strike of 
the metamorphic beds, so that different members of this series are 
thrust against the ihyllites as we go eastwards. There is, at places, 
marked variation of dip and strike, and the beds, as I shall dt^scrihe 
later, are often disturbed, and dip, in some cases, at a very high angle. 
W^herever an actual junction is exposed, it empbasiz(*s itstdf by de- 
composition of the rocks into a brown iron-staineid material. More 
often the bods thus affected liave been coni])letely denudi‘d, and tlicir 
former jdace is marked by a small valle}' or streamlet. 

II. Mickoscope Slides and LrTiioi.otjrcAi. (hiMiACTEUs 
OF THE AlETAnOKPIIlC IbiCKS. 

A. Mlcrosi'ope S/ldrs. 

I examined slides from varions ]»arts of the distiiol, and 1 may 
porhai)s be allowed to add to the full descrijitions, given by Professor 
Bonney, a few notes on 8]>ecimens which seem to im; not (piite of 
the normal typo. The melam<>r]»hic rocks, as ho has stated, may 
be grouped into two series, essentially characterized hy the abundant 
presence of mica and of chlorite respectively. 1 found, however, 
some 8]>ecimen8 containing such an amount of both minerals that I 
have ventured to speak of them as micaceo-cldorif-ic ; but if this 
term is objected to, they can bo ]>hiccd as exceptioruil forms, ])artly 
of chlorite-schist, mainly of mica-schist. Theses rocks occur at 
places where there are {dteriiating beds of chlorite?- and of mica- 
schists, and especially along an extensive tract in the north the 
area. It is true that chlorite is present in some of the ty])ical mica- 
schists ; but these differ from the “ micaceo-chloritic,” (‘V'en in band- 
specimens, and markedly under the microscop<i ; while in the true 
chlorite-schists, if the colourless mica is found, it f)ccurs g(?ncrally 
in only an occasional flake. 

1. ChJorite~Schi^fs.~-~\^hQn we examine, as our first example, a 
typical slide of chlorite-schist, wo see, without magnifying, irregular 
bands, greenish in colour, alternating with bands of material a]>pa- 
rently (piartzose. By the aid of the microscope the sepjirate consti- 
tuents can be investigated. The green layers consist mainly of a 
mass of chlorite aggregated in the modes dosf*ribed by Professor 
Bonney, generally associated with some brown ferruginous deposit, 
not identifiable, and w'ith epidote. The epidote may appear in nume- 
rous small grains, or in larger crv’stals, some exhibiting cleavage- 
lines, and showing occasionally a tendency to break up. The 
chlorite folia are sometimes grouped in a radiate manner; they 
are generally dichroic, changing from a feeble brownish tint to a 
deep green colour ; by the extinction being parallel to the cleavage- 
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planes in some examples, the species would seem to he a chlorite of 
uniaxial character, possibly, in part at least, prochlorite of Dana. 
The more transparent layers in the chlorite-schist slide are consti- 
tuted cliiefly of grains not usually elongated in fonn, in some cases 
adjoining in tlie manner of ijuartzitc- or schist-grains, but often 
separated by a i)alo greenish or dark deposit, composed partly of 
not cle ar chlorite, partly of more opaque substance, this intermediate 
material being often in more or less continuity with the mass of the 
green chloritic layers. "J'he grains thus defined have an ai>pearance 
as if they liad he(‘n forced apart, possibly 1)3" local crushing of the 
rock: and this n])i)C‘araiice occurs mc)st markedh* in slides from 
districts where the rocks in the field had a disturbed aspect. 
Professor Iionne3' calls attention to a souiowbat “ clastic look in 
specimens examined by him, and suggests it s being duo to tlie action 
of “ uncqtial pressure.” The transparent grains themselves are 
mail}- of them uncleaved and fair!}" clear, exc(‘pt for minute enclo- 
sures, small Hakes of chloriit^ or other belonites ; and these grains I 
sup])ose to be eliielly (piartz. Of others, which sliow more or less 
distinct cleavage, some at least, after hesitation, I identified as- 
possibh’ k3*anite, the ])resence of this mineral heijig suggested by 
Professor llonne}' in some of the chlorite-scliishs. In some cases my 
speciiuens sliow, as Kosenbiisch d(‘scrib(‘s, an extnunely clear appear- 
ane<‘, with the occun’eiiee of infiltration-produetK settled along the 
very distinct eleavage-jilanes As is stated h}" Foucpie and LeV3’’ to 
be the character of thin sliees, the grains ar»> colourless and not 
dichroic t. Felspar s(‘ems lobe ])resent in certain slides as an occa- 
sional grain, and it may occur more inark(‘dh" in other specimens ; 
but in many eases its ajqiearanee is not (jiiite normal, and Professor 
Bonney has sugg('sted to me tb»‘ ])ossibilitv of the ( rystul consisting 
of a socondaiy mineral replacing t he original felsf>ar. Such tA jiical 
characters of cblorite-sehist 1 have noted in slides from rock olitained 
along the coast northward of Prawle ikfint, from tlie cliff near 
JSTorlh t^ands, and in others to bo mentioned irninediatch". 

In a slide cut froin the ehlorite-srhist which is (juarried near 
Korth Hands, I was interested to find hornblende occurring in 
portions larger than ihe belonites described b3^ Professor Bonney. 
There are in the slide a fair number of specimens varying in size, 
but all very eharact eristic ; they are green in colour, exhibit 
diebroism, and have the cleavages parallel to a P well marked. 
Most of the grains also are partiall3’ bounded b}* prisuiatic faces. 
^'he3* occur, some of them interciTstallized in nests of quartzose 
material, others in the greener hands of the rock, where, at parts, 
they seem to merge into the ehlorito, at ])arts seem as if eaten into 
by the bordering epidoie-grains. In clilorite-schist near llickham 
Signal the clastic aspect, previousl3^ descrifc>ed, is noticeable, and is 
emphasized (even more markedl5' than in 013- specimen from North- 
Sands quarry) by the dei^osition of calcite along cracks in some of the 
clear mineral. Among the grains nia3* be noted one of a twinned 

* ISIikr. rijys. der petr. Blin. p. 345. 

t Min. Micr. p. 400. 
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crystal, wliich has evidently been broken and suffered some displace- 
ment of its parts with deposition of calcite the crack. Similar 

examples of pressure-effects may be found iii various slides. Many 
of the clear j^raius in tliis lliokham specimen, even where not exhi- 
bitin<» deliriite cleavage-lines, contain narrow laths of a richly 
coloured reddish-brown mineral, possibly luematite, which have a 
uniformity of direction in the grain, as if determined by its cleavage- 
planes. in another speeimon of chlorite-schist, taken from the 
foundation rocks of the Old Castle near Salcomhe, Professor Honnoy 
called my attention to the form and arrangement of the grains in 
the cl(‘ar layers. Without magnifying, the folded zigzags of these 
colourless bands are quite evident, across otui part of the slide. 
Under a low powtT of the microscope their constituent grains sliow 
an elongation transverse to the main layer, and with ]>ohirizing 
apparatus an orumtatiou of colours similarly transverse, tlieso cha- 
ractei's of form and optical ])ro]>erly being therefore due probably to 
the pressure which bent tlie layers. 

Certain masH(*s of chlorite-schist oceairring in tlic nortlu'rii part 
of the district call perhaj>s for some special nothai. S])ecimens for 
the microscope were taken from the ]>oints on opposite sidi^s of the 
main estuary north of Salcomhe, which I have called for distinc-’ 
tion “Sria]»es” and Seohh* ” Point. Tlwi usual itiittorals 

(chlorite, (juartz, (jpidote) are present, and in the Sco]>li' slide wciir 
some grains of the cleaved mineral and some whieli seem to bo 
felspar; we may note examples of sim])le twinning, and others of 
multi])le twinning after the manner of ]>lagioclase. One very 
interesting specimen was pointed out to me by Professor Ponney, 
where the members of the compound crystal arc distorted, waved, 
and even broken across and displaced — an additional ]>roof of tlie 
action of pressure, which had s(‘cmed to me markcal in this rock e^■eu 
in hand-specimens, and enqdiasized by tlu; evideiiet* oftli<‘ microscope- 
slides. The section of the Scoble ruck shows quartz-grains, occurring, 
for tlie most part, separated in tlio clil<»ritic groujul-mass, and many 
of the grains elongated, with their long axes p.irallel to the lami- 
nation. In the Sna])es specimen knots of <juartz aj>])ear frequently 
as if squeezed out into rath«*r long irregular hands, in which the 
mineral has assumed the ordinary schist or quartzite characters. 
Some of tlie separate grains are of very' flattened form. In the 
mass the rock exhibited, throughout, a close com]>res.sed look, but 
was traversed at. places by bands of a]>p:irently different minerfil 
constitution. The evenness of these layers and the compressed look, 
taken in connexion with the micro-structure already noted, seem to 
suggest tliat the rock had suffered from a pressure somewhat 
normal to the hands, and that the lamination may have existed in 
some form in the rock as a previous stratification-foliation. 

2. Micaceo’-chloritic Schists , — An interbandiiig of some mic«a- and 
eblorite-schists in the cliff' near liickhara Si goal- Station yielded a 
specimen containing both mica and chlorite, witli layers of quartzose 
and other colourless grains, some cleaved and some exhibiting 
twinning. Scattered about with epidote are small garnets, abundsrit 
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in the mica-chlorite layers, rare elsewhere. The signs of a crushing 
of the rook are very evident ; the grains are of varying sizes, their 
boundaries shade ott in polarized hghtwith an a])pearance of secondary 
deposition, and many are dirty and less clear than usual ; the 
micaceo-chloritic layers also are crumpled as in the true mica- 
schists. Like this last specimen, a mass of rock from the north of 
Snapes Point might be described as a kind of clilorite-schist ; but 
it exhibits, even in the hand-specimen, a larg('. amount of mica. It is 
dark-greenish in colour, tough, and weatliers to a very rough surface, 
partly ridged from plates and fibres of mica, partly pitted with 
roundish hollows irregularly Aveathered out. A slide cut from this 
rock shows chlorite largely present in aggregated folia, but, inter- 
crj'stallized with it, fiakes of white mica in much abundance. This 
mica seems to agree with that in the true mica-schist, and shows 
the zigzag erumi)liiig of the folia which is so marked in that series. 
As in chlorite-schists, granular epidote is abundant, and largo grains 
occur Avith an indication of clcavago-planes and showing a tendency 
to break into smaller fraginoiits. Within the ground-mass are 
fairly largo isolated grains of other minerals. Some of these seemed 
at first not easy to distinguish from quartz ; but, unless Ave may 
infer its He(H)tidary deposition, scAmral characteristics of the grains 
make this identification difiicult, as aauis pointed out by Professor 
Ponney, who kindly looked at this and other slides for me. Other 
grains ])re8cnt show tAvinning or cleavage, and \"ery many of them 
exhibit characb'rs Avhieh seem to me most like those of kyatiibe, in 
some cases tins luint^ral a})j>earing in longisli forms Avith lines of 
pinakoidal eleaA'ago (o P« and u Pa) crossed hy some of the nearly 
“ ])erpendicular breaks” of the basal clcaA’ag(' (O P) (loscribod by 
.FoiK]ue and lievy * and by Kosenbus'di +. In the haud-sjx'eimen, I 
could recognize grains having pearly elejiA'age-faccs and of ])iiikish 
or pale hroAA’u colour. In the slide all the grains are fairly uniform 
in size and similar in sha])(', liaA'ing a somewhat elongated, elliptical 
outline (only one shuAving good suggestion of crAstalliiic form) and 
the margin at places being fairly even. They contain various 
enclosures, some of Avhicli seem to be e})i<lote, soraf^times in rather 
stumpy (Tvstallino forms ; ot tiers are cUvir cidourless beloriites ; and 
A’ery minute enclosures, such as are common in tlie c]uartz of the 
ohlorito-sehist, are very abundant. The inclusions, <‘spcciallA’ the clear 
bclonites, extend, in manj' cases, in lines parallel to the long axis of 
the enclosing grain, and often these lines are curved. In sonn^ grains, 
cleavage runs undisturbed obliquely across the lines of enclosures, 
so that Avc might jHwhaps infer the subsequent crystallization of 
the enclosing mineral around the epidote and helonites. These 
must ill that case have existed previously, and the kyanite, in its 
present condition, may be posterior to the crumpling and contortion 
of the rock. It is interesting to note that the longitudinal extension 
of the kj'anite in some examples is roughly in the direction of the 

* Mint^ralogie Micrograpliiqiic*, p. 461. 

t Mikrodkopische Physiogniphio der petrographisoh wichtigen Miueralien, 
p. i>45. 



Frequently in the masses of chlorite -schist seen in the field, 
there occur tliin bands of cliloritic rock of brighter {^roeii colour 
and with very smoothed surfaces as if slickensided : even in freshly 
hewn quarries these bands were generally too fragile* to yield slides 
for the microscope. One firincr band, however, having a more 
silvery micaceous look, occurs in a (]njirry by the in*\v road near 
Snapes Point., and may perhaj>s be representative. This gives a 
clear, filmy, a2)i)le-green chlorite*, and vei*}' cU‘ar largo mica-tlakes 
accompanying an excej)tionally small quantity of (juarlz, most of it 
exhibiting signs of see(»ndary change. Tliore are nunn*rous grains, 
some of e2>idott‘, some of garnet, and otlnrs t>f a mineral rather 
resembling garnet, but a|q)arentJy not isonndrie, giving a dull purple 
tint on rotating the stag(‘. The layers ;ir(* crumpled, the mica- 
flakes lying at intervals oblicjuel}^ across the general direction, as if 
bent down in the slijqang. 

When we turn to the ex.'imination of the most general ty2>e of 
mieaeeo-eldoritic schists, wv. find some of the best speciraems m^ar 
“f:>n.a])es” Point, “ Scoblo “l^oint.jmd Westercoinb, all ])lac(‘s approach- 
ing the northern boundary-line. Macroseoxhc^ally, tliest* rocks differ 
from the ordinary mica-schist s iji being dulhu'in aj)pea ranee, althoiigli 
rather light in colour, greyish, or sometimes witli a slightly greenish 
tint. In the niass they arc generalU' more evenly hf*dded. Under 
the mierosco])e these rc»eks arc found to consist ehiclly of mica, 
chlorite, and (]uartz, with j>ossihly felspar and a mim-ral, more or hiSS 
abundant, a])prcn\imating in its eloavagos to kyanite, several grains 
showing interru])ted cleavages meeting at an angle of about Atr, and 
reminding one of the ]danes ]>arallel to the has(^ and the hrachydomo 
(OP and I’ri) shown by Max Paner drains are fairly abundant 
in these slides having a marked twinning, some (|uite simple, others 
slightly rei)cated ; and in one or more exam})U\s the crystal is cracked 
and its j)arts displaced. The quartz is dirty from the number of 
minute enclosures, and has the usual schistose structure, irregularity 
in the size of the grains and shading of their colours in polarized 
light suggesting subsequent strain of the rock. Jii many places, 
larger clear grains are imbedded in a mosaic of small shaded ones 
and not uncommonly the large grain is cracked across, and the 
commencing development of the fine mosaic can be traced along the 
crack. In some slides occur certain granular aggregations which 
are partly resolvable under a higher pow er of the microscoj^e into 

* Zeitschrift der Deutschen geologwchen Gtesellscbaft, 1878, Bd, 30, Taf. xiv. 
fig. 1 a. 
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colourless microliths, somewhat dichroic, if I could trust m}" not 
very clear observation ; they may possibly bo a secondary acti~ 
nolito. In these micaceo-chloritic slides mica plates at parts Ibrm 
level and continuous layers, at others they constitute bent or wavy 
laminic. Occasionally there is an example of a breaking and 
slipping of the layers at the folds, which I will indicate later, when 
I speak of similar structures in other schists. 

MicaSchiat. — True mica-schists form the dark massive cliffs 
which extend towards liolb Head, with a kind of black-lead sheen, 
and the paler, more silveiy ruck of the cliffs near the Start. In 
the Bolt specimens I identified the constituents described by l*ro- 
fessor Bonney, and found one fragment showing good examples 
of what I heliovc to ho kyanito. The groins are visible without 
magnifying, and, thus louked at, they are seen to ho about inch 
in diameter, to ho blackish in colour, and 1o have somewhat of a 
prismatic form. Under the microscope the grains, some of them, 
show clear kvanit(;-lik(3 cleavages, and in one is a good example of 
twinning. Where this clear mineral occurs, it a])riiptly interrupts 

Big. 2 . — Cnjuidl of KifUiiift’ hi nnir Bolt Jlevl. 

(lOnlargtxl 70 diameters.) 



The Pobist ooueiistM mainly of elilorite, whit ' mi 'a, and black mineral.” aiKl its 
layers pass on through the kyaiiite. The kyunite shows one good cleavage, 
with interrupted plaucs, and is twinned. 

the micaceous and chlorilic layers ; hut the ferro- carbonaceous 
material (as I infer it to bo from Vrofessor Bonney 's description) 
seems to continue on in its own wavy lamiiue through the kyanito 
(fig. 2). Heix>, therefore, where the grains are larger, they contain 
more foreign deposit, some of them being almost full of the black 
dust ; but its arrangome nt seems only explicable by supposing the 
growth of tho kyumt€3-graiu in situ in the rock. The schist from 
Start Point seems to have in it less of the black mineral, its mica- 
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folia are clear and well defined, although small and at places irregu- 
larly intercrystfiliized with quartz. The quartz shows minute 
agglutinated grains, and has the appearance of having suffered from 
pressure. In all these slides, I was on the look out for evidence of 
a secondary cleavage-foliation, and I could trace in all the begin- 
nings of such a structure. The thin folia have given way along 
some of the sharp abruj)! folds, as is shown in the figure given in 
the article before (luoted *, and the secondary planes thus here and 
there arising consist of the black mineral with some mica-folia. 

11. Macros'^opic Sirticturcs, 

1. Jlica- and Micaao-cJdoritic Schists. — In hand-specimens the 
mica-schist gives interest ing study of various forms of crumpled and 
contorted beds. In many j)laces exam]»lefi may be found of a slii)ping 
of the zigzagged layers, being an illustration of what might be 
classed under “ strain-slij) ’’ {Anstveivhinajs-) cleavage. In the 
schist of the Bolt Head, Professor Bonney has described how the 
beds are folded and contorted, and how the rock readily breaks up 
“ into rude prisms.” This tendency seems duo to tlie schist being 
traversed by two sets of divisional planes, one parallel with the 
original stratification -foliation, tlie other marking a subs(?(juont 
cleavage-foliation. The cleavage-surfaces have;, on the whole, a 
smoother, more continuous polish ; while the original folia are 
thinner, closer, but more crumpled, and tlierefoie give rise to 
surfaces more liable to break with small irregularities. 

In certain areas the schists, whether mica- or micacco-chloritio 
schist, have a tendency to split along broadly undulating planes, which 
do not entirely follow the lamination. This is a marked character 
in much of the rock near Start Headland and at several localities in 
the northern ])art of the district. Near (lullet, on the arm of the 
estuary from South Pool, just before mica-schist sets in, the chlorite 
rock contains what I should judge to be micacoo-chloritic bands, 
and these are trave rsed by undulating i)lanes. Thus these bands 
have a tendency to split along curving surfaces, dividing the rock 
into somewhat rounded rhomboids, within which the quartz often 
thickens at places into little knots or eyes. Here tlie planes of 
weakness seem to include in their course ])art of the slip-jdanes or 
planes of cleavage-tolialion, and j)art of what we may consider true 
bedding-planes. There must in that case have been some modifica- 
tion of the structure, induced l)y the pressure which tlie rock has 
undergone ; and I thought that possibly the cause could be connected 
with the more marked presence of quartzo.se layers, which might 
have helj>ed the bending-over of the jdanes of weakness, by offering 
a resistajice to the cleavage-slipping. Passing now to other ex- 
amples of like structure, I would note a rock of mica-schist on the 
beach near Lannacombe, whose surface, polished by the waves, 
exhibits, with greater clearness and on a more minute scale, similar 
markings to those of the Gullet specimen. Here, blacker patches 
in the silvery’ mica-schist seem, in consequence of the structure 

* Quart. Joum. GeoL Soc, toI. xL 1834, fig. 7, p. 16. 
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described, to tail off where the cross planes break the lamination. 
Very similar to this is a micaceo-chloritic rock from the shore 
opposite Gullet, which 1 examined witli the microscope. In 
the hand-specimen blacker bands continually tailing off seem to 
cause an incipient formation ot‘ “ eyes ” of the darker material. 
These bands, under the microscope, are found to consist of chlorite, 
mica, and a quantity of a black mineral present in all my slides 
of micaceo-chlori tic rock, which both here and in some others consists 
markedly of small crystalline masses rather flattened in form, and 
ranging along the lamination, like the titaniferous iron-ore shown 
in the Scourie-Dyke schist^, only the ferrite in my slide is more 
abundant. Here (as well as in one other slide) I thought it 
accompanied by grains of sphene. 8onie of the micaceous layers 
present an appearance as if they were flowing around the larger 
grains of quartz ; and the liand-speciraen, like otliers of the micaoeo- 
chloritic group, has a very squeezed look. The slide has tlie structure 
already noted as generally belonging to the group — the small mosaic 
of <|uartz granules suiTounding larger grains winch arc sometimes 
broken across ; and the aggregations of iiiicroliths are also ]>resent. 
This rock was obtained near WesUircomb, tVom within (JO j’ards of 
a junction with the phyllites. In other northern localities of the 
district the curving fraciurc-plam's, as seen in ]iand-sj)ecimens, are 
very’ marked in schisis which have wluit seemed to me a specially 
slickensided and crusht^d look : and this occurs where I am inclined, 
from stratigra])hical relations, to susiUK-f that a line of fault occurs, 
which has very possibly sjflit aud followed two directions, as, for ex- 
ample, in the j)oiiit oj»posite Westercomb. 

On the whole, the characteristic of the mica-schist of South Devon 
seems to he a tendency to devcloj) cleavage-j)lancs of less or greater 
force, which become, at places, fairly well marked, although not in 
an equal degree with the original foliation-planes. 

2. ChloriieSc/nsts . — CJertain structures in the chlorite-schist, when 
it is studied in the fleld, seem to require some notit^o ; but I am very 
diffident about, making any suggestions as to their relations. Apart 
from any ferruginous decomposition, the chlorite in weathering 
acquires often a paler shade, sometimes almost whitish, aud some- 
times a delicate pale sea-green. TTiis last colour I generallj' found 
occurred in parts protected from rain-wash, and I have never seen a 
more beautiful study in rocks than that in some of these chlorite-masses 
where, receding slightly beneath a projecting ledge, they expose a 
surface coated with the soft pale sea-green dust. The picturesque 
appearance is increased by the tendency to pitted weathering here, as 
elsewhere, exhibited, which has already been described by Professor 
Bonney. In other exposures, I noted a tendency to rather regular 
rhomboidal divisions. These two structures I should suppose nearly 
related ; but the rhomboids at all events seem to be due to the develop- 
ment of two obliquely crossing sets of planes, the one set being in the 
direction of bedding, the cause of the other set being more difficult 
to prove. It might perhaps be a kind of jointing ; but there is some 


* Teall, * British Petrography,’ pi. xx. flg. 2, 
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slight evidence which would rather connect it with the effects of 
pressure. One example, which had some weight with me, was a 
case of chlorite-schist interbanded with a lo-inch mica-hand. The 
mica-schist showed puckerings, which I can best describe as giving 
an outline roughly duplico-deutate, and tho transverse planes of the 
chlorite ran up into the sharp teeth of the puckerings. It seemed 
as if the force which crumpled the mica-band had developed tho 
oblique planes in the chlorite. At other localities also, the divisions 
seemed to be suggestive of pressure-planes, as in exposures near 
Rickham Signal-station, on tho shore oast of Porllemouth rursoiiage 
and elsewhere. For comparison with these examples 1 searched 
on tho shore south of Poxdlcmouth for an occurrence in ehlorite- 
schist, referred to by Professor Bonnej^ *, and described as a cleav- 
age-strucrure, and I think the cases I have quoted will bear a 
similar explanation. To such pressure-planes crossing those of 
bedding, modified by the not vt'rv plastic material of the rock 
in which they aro developed, 1 am inclined to attribute tho 
irregularl}' worn surfaces of the chloritc-schisi ; since the hollows 
whicli Aveather out at places can he found in all gradations from 
regular angular rhombus-shapes to rounded and irregular pits. The 
rounded depressions, like the angular ones already described, follow 
planes of bedding ; in one oxain]do 1 trac(‘d them along tlie con- 
tortions of a corrugafed mass of chlorite-schist. ^Vhere the ]>itting 
was most irregular in its arrangement, the beds had often suffered 
such foldings and dislocations that it was difficult, or oven iraj)os- 
sible, to track tho bedding-jdanes. 

The angular markings 1 have alluded to were generally rather 
local in their occurrence ; but over large masses <jf chlorite-schist 
there was a develcpmcni of a second set of planes, presumably 
ioint pliinos, along which the rock continually hrok(^ up and slip])ed. 
This often gaA^e erroneous im]>rcssions as to the dip of beds seen 
from a distance. 

III. Strati GRAPHICAL IIelations of some of the Metamorphic 
I toCKS. 

In this part of the pai)er I shall restrict myself mainly to the 
small northern area beyond Portlemouth, wliich was not specially 
examined by Professor lionney. Tho best exposures aro along the 
main Salcombe estuary, whose shores, extending roughly from north 
to south, cut across successive beds. The eastern cliff is perhaps 
rather less disturbed, and from it chiefly we may describe a typical 
succession. 

1. {a) Interbanded Series of Main Estuary and Batson . — South 
of the fault, near Halwell Wood, wo come to a mass of mica-schist, 
partly brown from decomposition, Avhich dips northerly and extends 
about 100 yards; beyond this, chlorite- schist is exposed. Hence, 
nearly to the beginning of “ Scoble Point,” we have beds, at first 
and at places, with variable or southerly dip, but, on the whole, 

♦ Quart. Joum. Oeoh Soc. 1884, voL xl. p. 9. 
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dipping? to the west of north. These are chlorite-, mica-, and mica- 
ceo-chloritic schists alternating one with another. Bands only a 
few feet thick or even less occur ; but the average thickness may bo 
taken as about 50 feet, though there are two masses of mica-schist 
nearly 200 feet in thickness. With few exceptions the beds quietly 
overlie, and after looking out carefull}' for evidences of repetition 
or overfolding, I came to the conclusion that these rocks probably 
represented a true stratigrajhical succession. This series is not 
quite so well shown along the western shore ; here a w’cstward 
thinning-out of the chlorite bands is suggested, unless they come 
in partly where ex[>osures are wanting or beds disturbed. Further 
west, the rocks are exposed in roadside cuttings, one at Lower 
Batson, and one to the north of it close to a phyllite outcrop, and 
also along the shores of Batson Inlet. Here the eastern cliff has an 
extensive development of mica-schist, but part of it, mucli gnarled 
and contorted and with a changed dip, may possibly have cut out, 
by faulting, the ohlorito-band, which would otherwise have con- 
tinued to this place from the w(‘storn shore and from the lane by 
the ccimetery. The general dip is northerly or to tluj west of north, 
varying from 85° to 80°, hut often at about (50° to 70°. 

1 . (h) Chlorite-’^cJiist of Scobh', aod of tSo a — To the south of the 
interhand(‘d s<‘ri(‘!s, on hot h sides of the main estuary, a thiek bed of 
chlorite-schist has resisted the action of tlu^ wat(?r and still pro- 
jects in the opposite headlands of “ Scoblo ” and of Snapes.’* 
This chlorite-schist is clo8<dy and evenly himinatt'd, very firm, at 
places so compact as to be almost flinty in appearance, and has 
altogether a sfjneezed look, which is confirmed hy the microscope 
slides that I have already described. 

Saleorttbe and tSoufhnutr(f .<^. — This chloriL'-schist seems to strike' 
to the northern ])art of the large mass on which Saleorabe is built, 
and of this there are exposures, as JVofessor Bonney luis described, 
as far south as an alley beyond the Ferry. Southward from this 
alley, at an exceptionally low tide, 1 wuis able to scramble along the 
shore, and found the clitfs, nearlj' to the Old Castle, to consist of 
mica-schist, folded and contorted and nearly vertical, but striking 
holdlv out to tlie north of oast. As the road on the top of the hill, 
after leaving Salcombe, cuts most c)f its way through mica -schist, 
of which rock th(T<i is one quarry by the road and two on the 
southern slope overlooking North-Sands valley, it w'ould seem pro- 
bable that to the south of Salcombe the hill mainly consists of the 
mica-formation until we come to the chlorite-schist forming tho 
foundation of tho Old Castle ruin ami worked in the quarries near 
North Sands. Here I would suggest the possibility of a faulted 
junction, and of a southerly pressure overturning the chlorite and 
some interbanded beds, and thrusting them against the mica-schist. 
There seemed some grounds for the idea in the aspect of the cliffs 
between the Old Castle and North Sands — the beds are disturbed, 
contorted and broken, and form a wild scene of rugged points of cliff, 
worn into caves, and weathered irregularly to yellows and reds, the 
brighter colours of decomposition ; the beach is a piled-up mass of 
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huge fallen blocks. The dip of these beds varies, but on the whole 
seems to incline southerly at one spot, being to W. of S. at quite a 
low angle, about 30^, while the mica-schist to the north, as I have 
said, seems nearly vertical, or with a high dip towards the north. 
Moreover, opposite the Old Castle is a good junction, which may 
mark, if not the main fault, a minor break connected with it, where 
the chlorite rock with a dip to W. of 8., much jointed and marked 
by cross planes, overlies mica-schist with a dip to E. of 8. ; the true 
nature of the latter is almost concealed by the uniform deep red 
tint which it has assumed in decomposition (tig. 3), If this cblorite- 


Fig. 3. — ojjpositc the OA/ near S<tlcombe, 



rt. Mica-sc'liisi , oiuHsive, of deep red h. Cblorite-acbi«t. 

colour. F. Liuo of frtuU. (?). 

ncbist and these interhaiHlirigs have been thrust northward, the 
chlorite-rock, which occurs in a lane from north of South Mill to 
north of Combe, might jjossibly represent the same mass, whoso out- 
crop had been carried further north out of its proper lino of strike : 
but the beds in this inland exjmsure seem less disturbed and retain 
their northerly dip -where I had oj»portunity of testing it. 

I was able, during the same favourable tide, to traverse hastily 
the shore from North to South Sands, ])a8sing from the southerly 
dipping chioritic rock, over the beds marked by Prof. Bouncy 
as showing much disturbance. They consist of a rather thick mass 
of mica-schist, agrtHjing in strike to K. of E., hut with an almost 
vertical dip and much folded, possibly bounded on the south by a 
small fault, -w'hcre there follow, first, chlorito-beds nearly vertical 
and with variations of dip, and then, as far as South Sands, interband- 
ings of chlorite- and of mica-schists, exhibiting a southerly dip. ITie 
mica-schist in these cliffs beneath Molt agrees in its appearance with 
the larger masses occurring to north and to south ; but the greatly 
diminished thickness would be difficult to explain on this hj’pothesis, 
and I incline to consider it a low er band appearing beneath a fold of 
the chlorite-schist. 

2. Mieet^Schist, with (?) Interbnndincfs, — Turning back to the dis- 
trict l>eyond Scohle Point, we find, south of its chlorite-sciiist, mica- 
schist rising and extending veiy* contirjuously along the northern 
a J.O. S. No. 172. 3n 
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shore of the side estuary, being possibly part of an interbanded 
series, the remains of which to the south still occur along the oppo- 
site shore. The mica-schist strikes in the common direction of N. 
of E., and has often a high northerly dip ; it is mostly nearly vertical 
and much folded. At places the dijj varies, and the beds have a 
squeezed look, rather like those in the mica-schist point up the estuary. 
From the uniform direction of strike, the mica-schist is cut very 
oblirjuely by the shore, which trends eastwards from Scoblo ; but, 
bounding a small inlet in this shore, a cliff occurs, which cuts across 
the beds ; although much weathered and overgrown, we can see 
that they consist of similar mica-schist. In this side estuary, the 
southern shore, passing Portlemouth Parsonage, exposes interband- 
ings, some of only a few feet, some thicker. The rather massive 
chlorite-schist, which is quarried near the old limekiln, is of such 
small extent that 1 place it and also the chlorite-schist of the cliff 
north of Portlemouth Feriy* as a subordinate part of this series. 
The dips of the latter muss of chlorite-scliist rather vary, but the 
rocks of this scries have a general dip to the W. of N. 

li. J)Jic(i-JSe?iist(of Fo7't/ewoui/i Ferrj/). — They would thus probably 
overlie the large mass of mica-scliist found along the shore to Portlc- 
mouth Ferry and beyond, which has previously been described. 
Similarly, this interbanded series, dipjnng northerly, seems along 
the estuary shores to overlie mica-schist, about a quarter of a mile 
north-west of flood Shelter. The schist, with one rolling over, dips 
northerly, although towmrds Watorhead it seems to change, but is 
not well exposed. The mica-schist is also traceable inland near 
Portlemoutli church, and at places along the lanes south of Waterhead 
estuary, notably near Hawkshead. The strike here is well marked, 
still to about N. of E., and the dip is about 7^^*^ to W. of N. 

Ksiuaru sho}xs sovtJnvurd of iSonth Pool. — Passing now to exj>o- 
sures further eastward, we have rather more difficulty in deciding 
their relations. First, in completing our survey of the estuaiy^ shores, 
we find ajong the arm descending from South Pool, south of the 
phy Hites already noted there, cxiiosures of chloiite- or interbanded 
schists ; these extend southwards, and form the point east of Wester- 
comb, and also the cliffs of the opposite shore north and south of 
Gullet. The beds are partly normal chlorite-schist, such as those 
quarried opposite Gullet, partly mica- and micaceo-chloritic bands, 
resembling those obtained from the main estuary. 

Parts of tlicse beds are rather out of the direction of the strike of 
chlorite-schist from the westward ; but this, I think, might bo from 
a faulting of the district. The slickensidcd look iu the mica-schist 
of the point opposite Westercomb, the changed, variable and high 
dips of the Gullet beds and those opposite, ^1 seem to supj>ort the 
idea of faults having broken the country near. 8uch faults may 
have partly determined the linos of the estuary. If we suppose 
these chloritic beds to be equivalents of the 8coble- Point rocks, and 
to have been partly displaced to the southward, then there is some 
difficulty in accounting for the mica-schist, which forms the cliffs 
nearly all the way from a little south of Gullet around the projecting 
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of the rook, sinoe it has been ehiefiy developed along fUsnres and 
perlitie cracks, and the latter are known to have been formed during 
or subsequently to the solidification of the rocks which they traverse* 
It is also clear that in these instances the rook was o^r^gmally vitreous, 
and unalteredv^iiijbS^^^ria^^ as lam 

aware, althoi3^^& is by means uncohi^^^ devitrified 

condition, ^ ' ■■ 

OF PLATE XViaC; 

Fig. 1. EpidoftT^Q felsite (The Babbit Warren, Herefordshire jfoacon), showing 
perlitio Structure, marked by the development of epidote along the 
perlipc cracks. X25 linear, ordinary transmitted light. 

2. AnothS^ portion of the same section, x 120 linear, (lowing traces of 
perliiac structure. 


Disoxtssiok. 

The PEEsiaaEKT wished to hear the opinion of chemists as to 
whether any solution acting on so inert a substance as kaolin could 
convert it into epidote. 

Mr. Tball congratulated the Author on having carried the history 
of the vitreouii crocks a stage further. He could confirm his obser- 
vations as to the frequency of epidote in perlitie rocks, and believed 
it had been largely developed during the alterations of the old 
vitreous rocks ; but he would not venture to express an opinion on 
the process by which the epidote was formed. 

Mr. W. P. Blake noted the frequent occurrence of epidote in the 
Triassic rocks of North America, where it is sometimes extensively 
interstratified with and formed in sandstones, as in the Sierra 
Nevada. 

Mr. Battebicak commented on the way in which epidote was 
formed throug^iqut the mass of the rock, and suggested the bearing of 
the matter of %iB paper on the question of the formation of such 
masses of epidote as that of Lake Superior, which may also have 
been formed, though on a large scie, in fissures. Epidote also 
occurs in the same way in Cyprus. 

Mr. Cole asked whether, seeing that even pyroxenes occur in 
many trachytes, it was not possible that the original rock contained 
sufficient lime to account for the formation of the epidote by secon- 
. dary decomposition. He referred to the observations of M. Ldvy 
on variolite of the Durance, where the perlitie cracks are marked 
out by crystalline granules. 

The Auth^ *a>duiitted the uncertainty connected with the precise 
mode of forcui|^on of epidote, and stated that, a0 &r as he knew, 
epidote had nfew jet been produced artificially^ he was, however, 
puzzled to ex percolation <^ Wate^ through 

the rocks w^^^ oohviMmtm of, With 

regard to Mr. Coleys question, he Was inclined to think that the 
rooks were practically devitrified obsidians, and he did not think 
there was any evidence of the original existence of pyroxene in 
them, although it was abundant in other rocks in their immediate 
vicinity. 
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40, On a HoBNBi^EjsrDB-BioTiTB Book from Duskt Soobi), ISTbw 
Zealajsti). By Captain F. W. Hitttob, F.G.S. (Bead May 23, 
1888.) 

This rock was collected in Dusky Sound by Mr. W. Docberty, and 
given to the late Sir J. von Haast, who gave it to me. I do not 
know its field relations, but undoubtedly it is of eruptive origin and 
is associated with the Archaean gneisses and schists of that district. 
As I am not aware of any similar rock having been described, I 
think that some account of it may be interesting. 

The rock is compact, crystalline, of a dark green colour, weathering 
reddish brown, and the specific gravity varies between 3*00 and 3*07. 
With a lens it is seen to be composed of two minerals in nearly 
equal proportions. One is a black mica, the plates of which are 
sometimes collected into masses 0*1 to 0*2 inch in diameter, but 
generally scattered through the other mineral. Cleavage-flakes of 
this mica can be easily detached, and, under the polariscope, prove 
to be biotite, in which the two optic axes nearly coincide. When 
thin, these cleavage-laminae have a greenish tinge by transmitted 
light. 

Under the microscope, in thin sections of the rock, the biotite has 
the usual brown colour and strong dichroism. It often contains 
crystals of apatite, which is, I think, not usual. 

The other mineral, in thin sections, is of a pale bluish-green colour 
and dichroic, but not strongly so, passing from a pale brownish 
green to a pale bluish green, some portions being more strongly 
dichroic than others. With ordinary light very little structure is 
apparent, but with crossed nicols the general mass shows an aggre- 
gate polarization of rather coarse grains, almost a mosaic ; but here 
and there distinct orystsils of considerable size can be recognized, 
without, however, retaining any of their crystalline faces. These 
crystals seldom show cleavage, and in the few cases where it is 
developed there is only one set of lines, the position of which I could 
not determine ; but certainly it does not lie in the orthopinacoid. 
Most of the crystals show twinning, often of a polysynthetic character, 
very similar to that so commonly seen in augite. A common case 
is for one side of a crystal to show a single twin, while the other 
side is polysynthetic. Or a band of twin laminae may occupy the 
centre of the ciy’^stal only. In a section taken nearly parallel to 
the brachypinacoid one set of laminse extinguished at an angle of 
17° 30' from the twinning plane, while the alternate set extinguished 
at an angle of 16® 45' on the other side of that plane. Another 
crystal, somewhat similarly cut, gave 12° and 1 6° as the two angles. 
This proves the crystals to belong to the monoclinic system and to 
be probably hornblende. I was fortunately enabled to test this 
determination further by finding a crystal in which the twins ex- 
tinguished simultaneously when the twinning plane was parallel to 
one of the diagonals of the polarizer. This proved that the crystal 
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was dJt parallel to the base. The crystal consisted of a single 
twin on one half, and several twin lamines on the other half, and 
the boundaries of the laminae were so sharp, although the section 
was not very thin, that it was evident they had been cut nearly at 
right angles, or, in other words, that ihe section W£is nearly parcel 
to the basal pinacoid. I therefore tried the simple half with con- 
vergent polarized Hght, and found a very distinct optic axis, with 
revolving band, on the circumference of the held, thus confirming 
the previous determination of the green crystals as hornblende. 

Some of these crystals show traces of schillerization in one direction, 
which I take to be a face of the prism. I saw no inclusions in them. 
There are no other essential constituents of the rock but hornblende 
and biotite. Occasionally an actinolitic structure is seen, but not 
commonly. The mineral which shows aggregate polarization is 
either crushed hornblende or some altered form of it ; it is identical 
in colour with, and shows the same dichroism as, the hornblende 
crystals. In one case I saw a small quantity of calcite in a crack. 

I suppose that this rock will come under Dana's name of horn- 
blendite ; but I think it objectionable to take the name of a mineral 
and apply it to a rock, especially when that rock consists of two 
minerals in nearly equal proportions. There is in the Canterbury 
Museum a very similar-looking rock from Wet- Jacket Arm, Breaksea 
Sound ; but I have not been able to examine it microscopically. 

Discussion. 

The Pkesident remarked upon the rare occurrence of such rocks 
as the one described, and regretted that no specimen of the rock 
could be exhibited to the meeting. 





41. On the OccrrBBENoi: of MABiiirE Possilb m the Coai>-icbasitbss of 
Fife. By Jambs W. Kiekbt, Esq. (Bead June 20, 1888.) 

(Oommunicated by Prof. T. Bupbrt Jonbs, F.E.S., F.G.8.) 

This paper records the discovery of fossils of good maiine types in 
the Fifeshire Coal-measures. Reference is also made to the occur- 
rence of similar fossils in the same formation elsewhere. 

The Fifeshire Coal-measures* form a comparatively small field on 
the north shore of the Firth of Forth, where they abut on the coast- 
line from Dysart eastward to Largo. They extend only two or 
three miles inland where the field is widest. On the west they are 
bounded by outcropping beds equivalent to Millstone-Grrit ; on the 
north by faulted strata of the Carboniferous-Limestone series. On 
the east and south they are bounded by the sea, beneath which they 
dip. Including an upper set of red beds (cl‘" of the Geologic^ 
Survey maps), there is a thickness of over 2000 feet of these 
measures ; but all the workable coals are in the lower portion (d® of 
the Geological Survey maps) : see vertical section at p. 748. 

The prevailing fossils of this coal-field are those always charac- 
teristic of the formation in other districts. The flora is essentially 
the same as in the North of England. Among the animal fossils 
usually met with are AnthracosUi acuta, Anthracomya modiolaris, 
Anthracopiera carinata, and other Lamcllibranchs of this family. 
Spirorhis carhonariiLS is the common Annelid. The Ostracods consist 
of various species of Carhonla, with Beyrichia, arcuata ; with them 
also occurs the phyllopod Leaict Leidyi. Among the fish are 
Megdlichihys Ilihberti, Strepsodus sauroides, JJiplodus gibhosus, 
and well-known species of Otenodus, Ocelacanthus, Bhizodopsis, 
Acanthodus, PalcBoniscAis, &c. Tlio Amphibians Loxomma Allmanni 
and Anthracosaurus Jlusselli are the highest forms of animal life 
represented. 

Of late years pits have been sunk further on the dip for the 
purpose of winning the deeper-lying coal of the field. One of these 
was put down to the Chemise Seam in 1884—5 by Messrs. Bowman 
& Co.f, of the Muiredge Collieries. This pit, which is now known 
as the Denbeath Colliery, is situated near the shore, between the 
villages of Methil and Buckhaven, in the parish of Wemyss. 

The sinking commenced in the upper red beds, which are well 
exposed on the shore adjoining. These beds were sunk through to 
the extent of nearly 70 fathoms, and then the underlying portion of 
the series was reached. A few fathoms in this lower division, and 
above a thin band of poor coal, a thick bed of dark shale was passed 
through, the material from it being tipped over the waste-heap along 
with the other excavated rock from the sinking. 

♦ The Upper Coal-measures were treated of in the Quart. Joum. Geol. Soc. 
vol. xxxviii. p. 246, &c. 

t Whom I have to thank for information very readily given. 



MB. J. W, BIBKBT OK THB OOOXrKB3mCEt OP 


V&tticoLl Section of the Coal-mecLsuTes in JFlfeehire (300 foot at 
the top omitted.) (Scale 1 inch to 300 feet.) 


..Thia Coals, w ana oaloMootia 

bods, near JaefchiL 
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of G^. Surrey ... 


..Marine-bed seen at Wemyss, &o. 
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In this shale, a few months afterwards, 1 found the remains of a 
Lingvla in gr^t abundiuiee« fhirther search led to the discovery of 
oth^ MeUusca, two of which are easily determinable Mwrchi%onia 
striatula and BelUrophon Vrei* Other 8;^edmens ^ol^bly belot^ to 
decu^tus: and imperfect examj^s m A 
ai^ not imlihe a f 

The iingula differs in no way from Lower-<iarhonlferoim^O 
of L. m^tiloiUes^ or from Bermian examples of L, Wnloh 

names Mr. Bavldson has shown refer to one and the same sp^es. 
On some planes of the shale it is very thickly strewed, in many 
cases with the valves together, in others as single valves or in 
fragments. 

The Murchisonia only occurred twice. One specimen shows from 
twelve to fourteen individuals within a few square inches of surface. 
These shells are well preserved. 

Several specimens of Bellerophon Urei were found, all more or less 
in bad condition. 

Along with the Molluaca are some scales, plates, and teeth of 
fishes, some of the scales resembling those of lihizodopsis. Also 
stray patches of coprolitio matter, and very rarely there are fragments 
of plants. No Microzoa have been detected, though the shale has 
been carefully examined for Ostracods. 

The shale is black, brown, or rather purple, in colour. Part 
of the bed is laminated ; but much of it splits irregularly with 
a curious roughly granulated surface. Here and there in it are 
fiattish concretions or cakes of soft red ironstone, which contain 
good examples of the Lingula, 

The position of tho bed is about 35 fathoms above the “ Eight- 
Foot Coal,’^ and thus considerably higher than all the workable 
coals of the series. 

As the measures lying above the “Eight Foot” are exposed on 
the shore to the eastward of West Wemyss, I afterwards looked for 
this Lingula-hedi there, and soon found it to the east of Wemyss 
Castle. It is here seen as a thick black shale, more or less 
laminated, and associated with a thin coal. Being a soft bed it is 
denuded to a lower level than the sandstones above and below it, 
and is thus covered by the tide before high water. The coal is the 
highest that is marked on the six-inch Geol. Survey Map (Sheet 32). 
The base of the upper red beds is seen a short distance to the dip ; 
so that the strati graphical i>osition is about the same as at the first 
locality. 

The Linguloi are here scarcely so numerous as at Denbeath Pit, 
though not at all rare. Bdleroplion Urei occurs with them. Likewise 
the teeth (or dermal spines) of that common Coal-measure fish 
Dipl^dus gibbosus. A few other fish-teeth, some PalaBoniscid scales, 
and coprolites (filled with scales), along with traces of plants are 
the other fossils found. 

Quite recently, in company with Mr. J. S. Grant-Wilson, of the 
Geological Survey, I came upon anotlier outcrop of this bed, in a 
little den or ravine at East Wemyss, about a mile to the east of the 

Q. J. G. S. No. 176. 3 n 
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last-described locality. This outcrop is seen in the den a short 
distance above the Parochial Office, and not far below the curling- 
pond. The coal is a^ain present, resting on fireclay. The fossils 
are found in the shale above the coal. The upper group of beds 
W'), in the form of red sandstone and shale, comes into section a 
few yards further down the den. 

Other marine fossils appear in the shale of this locality. The 
remains of a small Crinoid are common ; and besides Lingula 
mytiloides there occur L. squamiformis^ Discina niticf.a^ Productus 
semireticulatus var. Martini^ Liaeites rotifer^ an Ortlioceras^ some 
Hybodont teeth, and other things. 

Perhaps the most characteristic form among the fossils at East 
Wemyss is the Disdtes identified with the D. rotifer described by 
Mr. Salter from a marine deposit near the top of the middle 
measures of the Lancashire coal-field (see p. 752). It is two inches 
or more in diameter, and has the same style of whorls, with sigmoidal 
ribs, as represented in that species. Diseitea rotifer^ however, is evi- 
dently nearly akin to the J). falcatus of Sowerby, as pointed 
out by Mr. Salter, and it is possible that they may ultimately be 
found to he one and the same species. 

The Orthoceras always occurs flattened by pressure, and nothing 
like a perfect example has been found. Bo far as they go, the 
specimens, some of which are over seven inches long, seem nearest 
to O, attenuatum^ Fleming. 

Some of the Hybodont teeth resemble those of Orodus, and are 
beautifully sculptured. J)r. Henry Woodward, who very kindly 
examined one of the specimens, informs me that they come near to 
the genus Mesodoinodus as figured by Messrs. Bt. John and A. H. 
Worthen, from the Lower Carboniferous Xinderhook Bods’’ of 
Burlington, Iowa*. Others of the teeth belong to a species of 
Petnlodus. 

From the three foregoing localities there have been obtained the 
following species : — 


Strepsodus sauroides ?, teeth and | 
scales. I 

Xhizodopsifi ? sp., scales. 

Palaioniscid scales. 

T)iplodus gibbosus, Ag. 

Mesodomodus, sp. nov. 

Petalodus, sp. 

Discitfts rotifer, Salt. 

sp., with longitudinal ribs. 

sp., smooth. 

Orthoceras attenuatnm ?, Flem. 
Bellerophon Urei, Flem. 


Bellerophon decnssatns, Flem. 
Murchisonia (Aclisma) siriatula, De 
Kon. 

Sangninolites ? sp. 

Productus semireticulatus, var. Mar- 
tini, SoVK 

Discina nitida, Phillips. 

Lingula mytiloides, 

squaraiformis, Phillips. 

Crinoid B\^^n^—Actinocrinus ? sp. 
Plant remains, obscure. 


"West of Scotland. — These are the only marine beds known in the 
Fifeshire Coal-measures. But in the West of Bcotland marine 
fossils are recorded from diflferent horizons of the formation : these 


• Geol. Surv. Illinois, 1875, vol. vi. p. 291, pi. v. figs. 18-22. 
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it may be useful to mention, for the sake of including here all that 
is as yet known on the subject. 

In Lanarkshire the following species have been found by the Geo- 
logical Survey in the Slaty-band Ironstone (or in strata connected 
therewith) at the base of the Coal-measures* : — Comdaria quadri^ 
sulcata, Bellerophon XJrei, B. decussatus, Loxonema or Murchisonia 
sp,, Sehizodus sp., Productus longispinus, Discina nitida, Lingula 
mytiloides, L, squamiformis, Serpulites carbonarius. 

Lingula sqmimiformis is also recorded by the same observers as 
occurring higher in the series, in the Airdrie or Quarter Blackband 
Irons tonef. 

The same authorities found Auiculopectcn papyraceus and Posi- 
donomya, sp,, still higher, in a shale some distance above the Ell 
Coal i . 

Probably from near the same horizon Mr. Dunlop has recently 
discovered, in the Airdrie Coal-field, A.viculopecttn papyrareus and 
Orthoceras attenuatum, along with fish-remains, and the common 
Coal-measure Ostracod, Beyrichia arcuata §. 

Higher still, near the top of the Coal-measures {d^ of Geol. Surv., 
or workable portion), and thus probably at about the same horizon 
as the Fifeshirc bed, Mr. Skipsey discovered, in 1865, the following 
marine fossils at the sinking of a pit at Drurapark, to the east of 
Glasgow II : — Conularia quadrisulcata, Sehizodus deltoideus. Pro-- 
ductus seahricidus, Discina nitida, and the pentagonal stems of a 
crinoid. Those fossils were imbedded in shale and ironstone nodules, 
the Productus being the most common. 

There are, thus, not less than four horizons at which marine 
fossils are found in the Coal-measures of the West of Scotland. 

England, — In England the occurrence of marine fossils in Coal- 
measures has beeji recorded from various districts. 

Among the earliest notices is that by Prof. John Phillips, who 
described the finding of Aviculopecten, Posidonomya, Goniatites, and 
Orthoceras in the roof of one of the Lower or Gannister coals near 
Leeds, Bradford, Halifax, and other places in Yorkshire^. 

Mr. E. W. Binney afterwards described similar marine bands in 
the Gannister coals of Lancashire, where they are found overlying 
several coal-seams of that series. AvicuTopecten, Ooniatites, Ortho- 
ceras, and other species are found in these beds **. 

It was pointed out by Mr. Binney that such fossils are seen at 
more than one horizon in Yorkshire, and that they are also met 
with in the same series of strata in Derbyshire, Staffordshire, 
Cheshire, and Flint tt. 

* Memoirs of Geol. Surv. Scotl., Explanation of Sheet 23, p. 23 ; Expl. Sheet 
31, pp. 74, 75, 80. 

t Ibid.y Explan Sheet 23, p. 91. 

J Ibid.t Explan. Sheet 23, p. 92. 

§ From information supplied by my friend Mr. John Young, of Glasgow. 

II Trans. Geol. Soc. Glasgow, 1865, vol. ii. p. 62. 

Manual of Geolog 5 % 1865, p. 183. 

** Trans. Manchester Geol. Soc. 1860, vol. ii. pp. 72-83. 

Tt Log. cit. pp. 79, 83. 
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These AviculoptcUn-^hoxi^ of the Lower Ooal-mea»ures at« 
described in the Memoirs of the Geological Survey for jUnoashire^ 
and the following is the list of fossils from them, after Mr. Salter 


Ortboceras, sp. 

Discites, sp. 

Ooniatites Listeri, Martin, 

paucilobus, Phill, 

sp., near truncatus. 

Avicnlopeoten papyraceus, Goldf. 


Posidonomya Gibsoni, Brown, 

laevigata, Brown, 

Monotis IcBvis, Brown. 

? (Gei-villia) obtusa, Brown, 

Lingula uiytiloidea, 8ow. 
Beyrichia arcuata, Bean, 


Another marine bed of the Lancashire Coal-field appears near the 
top of the Middle Coal-measures, the middle measures of Lan- 
cashire being the same as the Coal-measures proper of the North of 
England and Scotland (d^ of the Geol. Survey). Attention was 
first drawn to it by Prof. A. H. Green, who noticed its outcrop 
on the banks of the river Tame, at Ashton-under-Lyne, in 1864, 
and where I saw it in 1866 in company with my old friend 
Mr. Binney. The fossils occur in a thick stratum of grey shale ; 
and they were considered by Mr. Salter to be wholly distinct, 
-4. papyraceus excepted, from the sj^ecies of the Lower Coal- 
measures and Carboniferous Limestone. Mr. Salter quoted the 
following species* . — 


Ortboceras, sp. 

Discites rotifer, Salter. 

ep. 

sp. 

Nautilus praecox, Sail, 
Goniatites, sp. 


Otenodouta, sp. 

Aviculopecten papyraceus, Goldf, 

fibrillosus, Salt. 

Serpulites, sp. 

Megalichlhys Hibberti, Ay. 
Calamites, sp. 


In 1860 (Quart. Joum. Geol. Soc. vol. xvi. p. 412) I gave 
a short account of the discovery of Lingula Ci'cdneri^ Geinitz, 
a Permian species since shown by Mr. Davidson to be the same as 
L, mytiloides^ in the Durham Coal-measures. The specimens were 
found during the sinking of the shafts at Ryhope Colliery, near 
Sunderland, in shale about 590 feet below the base of the Permian 
strata. All the workable coals were below this LingulaAoedy 
though twelve thiu seams were passed through above it. The 
remains of Fishes, Anthracosicc, and Ostracoda occurred in the 
same bed with or near the Lingula, 

In the “Descriptive Programme of Excursions” for the Bir- 
mingham Meeting of the British Association, 1866, it is stated, at 
page 46, that three beds of black shale, containing marine fossils, 
w^ere passed through at the Bandwell Park sinking (Hamstead 
Colliery), sixty-one yards above the Thick Coal of the South 
Staffordshire coal-field. Among these fossils are mentioned species 
of Lingula,, Prodiuitus, Sj^irifera^ OrtJveous {Orthoceras?), and 
Euomphalus, 

Conclusion . — All these occurrences of marine fossils show that 
the Coal-measures, eis a formation, contain many exceptions to their 
ordinary fauna and flora. If the amphibian and fish remains, the 

♦ Mem. Geol. Survey : Geol. of Country around Oldham, pp. 20, 64-60. 
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l£ollusca» Cyprid®, and plants of the lator indicate freshwater 
conditions, it is evident that such conditions were occasionally 
overborne by inroads of the sea, bringing back species of shells and 
crinoids that had existed in the Carboniferous-Limestone ocean of 
an earlier period. This appears to have taken place in the areas of 
most coal-fields, and repeatedly in some. It is thus reasonable to 
assume that the open sea was not far off when the British Coal- 
measures were being formed, and that a slight increase in the rate of 
depression of the area sufficed to bring back the sea and marine life. 

There is undoubtedly something peculiar about the ordinary 
fauna of the Coal-measures, though the peculiarity is, perhaps, just 
as great, whether it is viewed as of freshwater or of marine origin. 
And though it cannot have been marine in the same sense as the 
fauna of the Carboniferous Limestone or any open-sea deposit, it can 
scarcely be understood on the view of its being of lacustrine origin, as 
some geologists still hold. Certainly these intercalated marine beds 
seem easier of explanation when the formation is looked upon as the 
deltaic or, in some way, marginal accumulations of a large land-area. 
Under such conditions everything observed in the palsBontology of 
the strata can be accounted for, whether the indications be of 
dense vegetable growth, vegetable drift, or of freshwater, brackish- 
water, or open-sea animal life. 

Anyone who has studied the Carboniferous series of Fife strati- 
graphically, from the base of the Calciferous Sandstone* upward, 
will only see in these marine beds the last and final instances of 
what has come under his notice times out of number before, the 
coming in of marine deposits in succession to shales, sandstones, 
fire-clays, and coals containing plant remains or estuarine fossils. 
The whole formation indicates a long series of depressions with 
intervening siltings up during periods of rest, the former often 
bringing in marine conditions, the latter as often resulting in an 
api^roach to land-surfaces and subterrestrial conditions. This is 
true of the Calciferous Sandstones, where there are m ^re coals (only 
poor and thin) than in the Coal-measures proper, but where thin 
limestones and other marine strata are comparatively common. In 
the lower portion of the Carboniferous-Limestone series marine beds 
are thicker and the remains of marine life more abundant, though 
coals and plant-bearing beds come in among them. The same is the 
case, though less pronounced, in the upper portion of the Carboni- 
ferous Limestone ; while between the upper and lower portions 
there is a thick group of carbonaceous strata containing as good 
workable coals, and as many of them, as exist in the true Coal- 
measures one thousand feet or so higher up. And so in the group 
of strata classed as Millstone Grit, marine beds alternate with others 
containing vegetable remains and poor coals. Then follow the 
Coal-measures with the second great series of thick coals, with here 
and there marine beds, without the least indications of unconformity 
or physical break. In fact there is no such break anywhere in the 
Carboniferous series of Fife. The whole succession is one of regular 
* Quart. J oum. Geol. Soo. vol. xxxvi. p. 559 &c. 
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ordot from the lowest beds seen at Anstruther to tibie Hglx^t at #te 
month of the River Leven ; and the lines of division used in itelr 
systematic arrangement are arbitrary, though convenient. Kie 
Coal-measures of this county are thus part and parcel of the under, 
lying portion of the series, and they have evidently originated under 
much the same physical conditions as prevailed here during the 
whole of the Carboniferous period. I believe that the same regular 
sequence of Carboniferous strata obtains in other parts of Scotland 
and it is the same in the North of England. 

In conclusion, it may be remarked that no marine deposits have 
been observed as yet in the upper red beds (d®') of the Coal- 
measures in Fife, or in other parts of Scotland. These latter beds 
contain the ordinary coal fossils, except that in Fife there have 
been found on one horizon the remains of species of Euryj^teruB, 
some Limuloid Crustacea, and a cockroach. The next appearance of 
undoubted marine life in palaeozoic strata is in the Lower-Permian 
Limestone of Durham and Northumberland, where two of the 
species* found at Wemyss, along with two or three other Carboni- 
ferous forms, are found among what is essentially a new fauna. 
These recurrent species, however, form a connecting-link between 
Carboniferous and Permian life; while, on the other hand, the 
fewness of the surviving species of the great Carboniferous-Lime- 
stone fauna shows how extensive and long-lasting must have been 
the physical changes that took place in the period intervening. 


Lingula Tnyf-iloides and Liscina nitida. 
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42. The Queesbaist) Bed at ihe Base of the Thakex Sand. By 
Miss Maroaeet I. Gakdinee, Bathurst Student?, Newnham 
College, Cambridge. (Bead June 20, 1888.) 

(Communicated by J. J. H. Tmall, Bsq., M.A., F.G.S.) 

This bed may be seen at various points from Pegwell Bay in the 
east to Chislehurst in the west of Xent, and there is a bed at 
Sudbury, in the N.AV. corner of Suifolk, which Mr. Whitaker 
considers to be the same*. At Lewisham and Croydon, to the west 
of Chislehurst, it is missing, and the light buff micaceous sand which 
usually succeeds it in West Xent rests directly on the tiint bed 
above the chalk ; so that, unless either the 9 inches of greensand and 
Hint or the 2 feet of grey sand last seen in 1880 at Epsom by Prof. 
Prestwich are the same, the succeeding beds of the Thanet 8ajid 
overlap it westwards. 

Specimens have been obtained from Pegwell Bay, Chislet near 
Herne Bay, XJpnor, Chislehurst, and Hudbury. Leaving for the 
present che Sudbury sand out of consideration, this basement bed is 
a very fine sand formed of about equal quantities of dark and light 
grains mixed with more or less clayey matter. Its appearance in a 
section varies considerably with the weather, for it is the dark 
greenish grey of the darker grains which gives the colour when it is 
wet ; but when it is dry ihe clayey matter becomes a white powder, 
and is a much more conspicuous constituent. A microscopic in- 
spection shows the sand to consist of quartz, Hint, glauconite, and 
small quantities of felspar and various rarer minerals, with a few 
casts of microscopic organisms. 

Quartz . — The (juartz is in not much rounded grains of average 
largest dimension about *1 millim. One of the striking points 
about the sand is the small proportion of quartz-grains, namely, 
only about 45 per cent. 

Glauconite . — The glauconite-grains are small as compared with 
those of most greensands. The majority are of rounded outline, 
and consist of an aggregation of smaller grains, often wedge-shaped 
in form and fitted together in a convolute manner. The cracks 
between the parts of the grain are marked by a yellow line, 
probably of iron-oxide. This kind of aggregate seems to be the 
commonest form of glauconite-grain, and occurs in those of the 
Cambridge Greensand, Lower Greensand (Folkestone^, Upper 
Greensand (Highclere), and the basement bed of the Woolwich 
Sands. Other green grains are subangular. Some of these are 
only pieces of the round grains, but others are probably coated 
grains of tiint or quartz, since some may be seen to give a distinct 
quartz -reaction. When mounted in balsam the glauconite is 
opaque except just at the edge, but in water or glycerine by 
* Geol. Surv. Mem. to Sheet 47. 
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transmitted light, and always by reflected light, it is a bright yellow 
green. That of some other sands, e. g, the Cambridge Greensand 
and the basement Woolwich beds, is a very blue green. Between 
crossed nicols it gives either no reaction or a speckled look, some- 
what like that of flint. The glauconite-percentage is only 16. 

Flint . — On first looking at a slide of this sand one is struck by 
the large number of very sharply angular chips. These may be 
roughly divided into two sets, the one transparent, the other 
almost or entirely opaque. The transparent ones have a rough 
pitted surface, which gives them a slightly grejdsh tint, and are 
often marked by small black dots, which, when present in any 
number, give the grains a darker colour. Between crossed nicols 
they have a minutely tesselated appearance, the lighter parts being 
of a bluish neutral tint. Their close resemblance to chips obtained by 
crushing a flint seemed to leave little doubt as to their nature ; but, 
since the glauconite gives a somewhat similar reaction, it seemed 
possible that at least some of the more rounded grains, or those 
which gave a less distinct reaction, might be weathered glauconite. 
As a test, glauconite grains were bleached by boiling in hydrochloric 
acid, and it was found that these could be distinguished from the flint 
by their different surface, clearer colour, and less distinct outline. 
The Upper Greensand (Highclere) was then examined for compari- 
son. It is a very similar sand of quartz and glauconite. Though the 
glauconite-grains are in all respects like those of the Thanet Rand, 
yet there are no grains which could be mistaken for flint. There 
seems no reason why the glauconite-grains in the one should be 
supposed to have lost their colour by weathering when they have 
not done so in the other. Finally the sand was placed in a boro- 
tungstate solution of sp. gr. just below that of flint ; although a 
few green grains fell through, all those floated out, with the 
exception of a very few grains of both quartz and flint which 
had probably adhered to the side of the funnel, were green. 
Therefore, unless the glauconite increased in sp. gr. by weathering, 
these grey grains cannot be glauconite. A consideration of this 
evidence seems to leave no doubt that these lighter grey grains are 
flint, although they form the abnormally large proportion of 
20 per cent. 

The more opaque grains are in general form like the clear ones. 
In both, forms which resemble microscopic spear- and arrow-heads 
are not uncommon. There is a more or less distinct transition 
from the clear to the opaque, and some are opaque in parts and 
dear in others. By reflected light many show the same greyish 
colour as the clear grains, though many are almost black. In fact, 
by reflected light one often cannot tell whether a particular grain is 
transparent or opaque, though both are easily distinguished from 
the quartz- or the green glauconite -grains. Crushed fragments of 
the weathered white coating of a flint are very like some of the 
more opaque and transitional forms by transmitted light, though 
these differ by being white in reflected light. The slightly weathered 
surface of a black flint is such a mere film that it has not been found 
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possible to get pieces of it to compare ; but some of these grains 
look by reflected light very like small, black flint pebbles, and the 
double thickness of weathered coating even, though thin, might be 
sufllcient to make them opaque. In the boro-tungstate solution 
these opaque grains fall with the clear ones. Altogether there 
seems to be no reason for considering these grains to be glauconite, 
as their comparative opacity and the taint reaction which they 
sometimes give in parts between crossed nicols at first inclines one 
to do. The evidence there is seems to be in favour of the sup- 
position, suggested by their form, that these grains are also flint. 
Counting these in with the others, the flint-percentage rises, to 40. 
This and the other percentages have been obtained by counting 
between 3000 and 4000 grains. The flint-grains are of about the 
same size as the quartz- grains, i. e. about 1 millim. in their longest 
dimension. 

It is these opaque grains quite as much as the glauconite which 
give the dark colour to the sand : for when the clay is washed out, 
what remains is dark grey, quite black when wet ; but when the 
clay is washed out of the IJx>per Greensand, which is a sand very 
like this without the flint, the residue is of a light green colour. 

Besides these flint-grains, larger ones which might almost be 
called small pebbles, about inch in diameter, are often found, and 
at Pegwell Bay much larger flints, some slightly rounded like 
those just above the chalk, and others which are regular pebbles. 
Six were picked out of a piece of cliff about 2 feet square, but in 
most parts they were not quite so numerous. 

Twinned Fdsjpar occurs in no great quantity. What there is is 
very generally twinned in two directions. 

Magnetite and Spinel . — Amongst the grains which come down in 
a boro-tungstate solution of sp. gr. 2*9 black opaque grains are the 
commonest. Amongst these some are very perfect octahedra. 
Only some seem to be magnetic, so that probably both magnetite 
and a dark spinel are present. 

Zircon also forms a large proportion of the heavier minerals. It 
occurs in very i>erfect crystals and in grains. The crystals differ 
considerably in size and form. Two from amongst the larger and 
smaller respectively measured *116 millim. x *036 millim. and 
•06 millim. x *02 millim. Often only the (100) and (lOi) planes 
are developed, but sometimes also the (110) and (111) and other 
Xiyramid planes. Very frequently one x>air of the (101) planes is 
developed at the expense of the other, so that the crystal has a 
truncated appearance. There are often needle-like inclusions 
parallel to some of the pyramid faces. 

Garnet (?). — In about the same quantity is present a mineral of 
which only broken fragments of fairly large size have been seen. 
It is very clear, colourless, highly refracting and isotropic. The 
fragments are often very sharply broken, and sometimes the fracture 
has a conchoidal look. Inclusions of black and green grains are not 
uncommon. 

Rutile is not present in such quantity as the minerals already 
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Tourmaline is present in about the same quantity. It is datit 
blown, purplish grey or very light and almost colourless. The 
light variety is in small and very perfect crystals, often as broad as 
they are long, so that they have the outline of a hexagon. They 
are terminated at both ends hy the rhombohedron-planes, but the 
darker varieties are generally broken, or if not, the rhombohedral 
planes are only at one end, and the basal plane is developed at the 
other. 

Anatase has been looked for, but not found. 

The description so far apjilies to specimens from all the places 
mentioned except Sudbury, that is to say, since these places are 
distributed along the whole length of the southern outcrop, it may 
be taken as a general description of the basement sand of the 
Thanet Sands in the South of England from a mineralogical point of 
view. The following minerals occur in very small quantities, and 
BO are not in any way characteristic. 

Garnet, — A few minute colourless dodecahedra have been noticed. 
One measured '02 millim. from one dodecahedron-face to the parallel 
one. One has grown round a smaller red crystal of the same form — 
a fact which seems to point to their being garnets. 

Actinolite, — A few fragments of a fibrous-looking green mineral 
strongly pleochroic, or yellow-green, wdth vibrations 2 >arallel to the 
length, and blue-green with those in the opposite direction are 
probabl}" actinolite. 

Epidote, — One somewhat rounded crystal of the outline of an 
oblique parallelogram with the corners rounded oft‘, strongly 
pleochroic and with very distinct cleavages, has been referred 
for me by Mr. Davies to this mineral. Judging by the colour and 
pleochroism other grains may he of the same mineral. 

Chalcedony, — There are a few grains of a mineral polarizing 
in grey and having a spherulitic structure. Such grains are common 
in the residue of chalk dissolved in hydrochloric acid. 

Organic Remahis. — A few microscopic organisms have been met 
with, and are sufficiently numerous to render it probable that with 
careful searching many genera might be found. The commonest 
are siliceous, spherical bodies with a pitted surface, with a more or 
less distinct dark centre, apparently not casts. These may be 
either Hadiolarians or Diatoms. Casts of Eoraminifera, probably of 
the genera Planorhulina and Teoctularia in a clear, colourless 
mineral, perhaps chalcedony, have been noticed. 

The Greenland bed at Sudbury, — This bed has apparently been 
classified with the Thanet Sand on account of its position and 
colour. The great point of difference from the southern greensand 
already described is in the much larger glauconite-percentage, which 
gives the bed a greener, less grey colour. Glauconite constitutes about 
75 per cent, of the grains, and the proportion by bulk is still greater, 
since the glauconite grains are larger and the other grains smaller 
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per 4^nt of the quartz and flint graine, leai^ng the glauconite ont c^ 
consideration* This, though much lower than in the south, is sliU high. 
The quantity of sand other than glauconite in the specimen h^ought' 
away was so small that it did not seem worth while to try to mahe 
a separation ; but in slides of the sand left when the glauconite was 
washed off zircon, rutile, tourmaline, black mica, and fragments 
of the isotropic mineral described as garnet have been found. 
The points of resemblance to the southern basement-bed of the 
Thanet Sand are the facts that both are glauconitic, and contain 
a larger proportion of flint than is common, as well as frag- 
ments of a colourless garnet, which do not seem to be of such 
universal distribution as the other heavy minerals common to both. 
The basement Woolwich bed, though almost as largely glauconitic 
where it rests on the chalk in Hampshire, differs in several respects. 
Its glauconite is ’ of a blue and not a yellow green ; and though 
search has been made, no flint grains have been found. 

The statement has been made in the Survey Memoirs that there 
seems to be no proof of unconformity between the Chalk and the 
Tertiaries. Prof. Prestwich, in his new volume, assumes such an 
unconformity, since he says, “ as the area of the Chalk-sea at the 
close of the Cretaceous period gradually became more and more 
restricted during emergence, so the early Eocene strata during the 
first period of the following submergence were of very limited 
extent ” *. Although a small flint-percentage might be due to an 
unconformity at a distance, so large a percentage could hardly have 
occurred in a sand formed, far from the source of the flint ; because 
the further the flint was carried, the greater would bo the chance 
that, when deposited, it would be mixed with sand from other 
coasts. If such a sand could only be formed close to a chalk-sbore, 
its existence at the base of the Tertiaries forms an additional piece of 
evidence in favour of the gradual extension of the early Tertiary sea 
described by Prof. Prestwich. 

One at once wonders how so large a flint-percentage could have 
been formed in early Tertiary times, whilst the sand now being 
formed along a very similarly situated shore contains little or no 
flint. The difference may, perhaps, be due to a difference in the 
nature of the coast. Our coast consists of chalk-cliffs with the two 
long breaks of the Tertiary and the Wealden sands and clays. Is it 
not probable that currents drift the debris of these coasts as well as 
the material brought down by the Thames to mix with the debris of 
the chalk, and so Mngi down the flint percentage? If the early 
Thanet-sea stretched from the borders of Belgium as far north as 
Sudbury it would almost certainly have had something like 200 
miles of unbroken chalk-cliff along its western shore, for the 
Tertiaries were not there, and even Prof. Prestwich, who seems to 
date the Wealden and Boulonnais anticlinal earlier than any one 


* ‘Geology: Chemical, Physical, and Stratigraphical,* vol. ii. p. 337. 
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else, not give any reason fbr thinkings that the chalk waa 
quite ent through in the middle of the Wealden axea b^<Hre 
dapo^idon of the Tertiary beds* If ^xeie were ho strcaig oarreirta 
to Inrlng material from the other Boasts, each a shore he Joat- 

the place for the aoonmulation of sand lar^j oonsisldz^ of ^t, 
is true that the succeeding beds hare a dlntHperomita^ of ahocdi 
and cannot have been formed in a sea with Very difbrent 
hut it is possible that they are really contemporaneotis hedh 
formed further out to sea, which crept westwards after the dizth- 
sand, the dint-sand always being formed against the olidh* 

Discitssioit. 

Dr. Hindb considered the paper important as showing the great 
amount of minute particles of flint present in these sands* It 
was a matter for regret that the Authoress could not be present 
when the paper was read. 
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By E, Wnsom^ (Bead Jnm ^ 1888^ 

T!s3b mw salt-fteld in ^ Korth of England ooenpi^ itie loir-^lying 
connixy bordering tbo estuary of the Tees, aitnate partly in Torh- 
ahire, part^ in &3rham, and bounded by Magnesian limnUone 
district of Durham on the north, by the Jurassic hills of C^arv'ehmd 
on the south, and by the German Ocean on the east^. 

At the present time this salt-held has a proved or fairly indicated 
area of at least twelve square miles. Of this area, however, more 
than half lies beneath the sea, and is therefore inaccessible by the 
only system of working at present in operation in the district. 
Beyond these limits, however, the Durham salt-held has probably a 
wide extension. Evidences of a limitation of the held in a northerly 
and also in a westerly direction have, indeed, been obtained ; but 
what are its boundaries on the south and on the east we have not , 
as yet, and perhaps never shall have, any means of determining. 

Discovery of the Rock-salt at Middleshorough and Origin and. 

Progress of the Salt Ividustry in South Durham f. 

In the year 1859, Messrs Bolckow and Vaughan, the celebrated 
ironmasters of Middlesborough-on-Tees, being in want of water at their 
Middleshorough Ironworks, had a borehole, 18 inches in diameter, put 
down to a depth of 1200 feet t. Although large supplies of water 
were yielded by the more pervious strata pEissed through in this boring, 
this water was so highly charged with sulphate of lime as to be 
quite unfit for the purposes for which it was required. After 
passing through 70 feet of superficial deposits, which in this district 
consist of marine warp, river-alluvium, and Boulder-clay, and 
1136 feet of red sandstone and red and blue marls with gj’psum, 
a bed of rock-salt, 100 feet in thickness, was struck at 120(5 feet 
from the surface, the boring leaving off (in August 1863) in rock 
described as “ limestone and conglomerate containing much salt ’’ at 
a total depth of 1313 feet 4 inches. 

The discovery of rock-salt in the Tees Valley was thus a fortuitous 
piece of good luck. It may be remarked that this was also the 
case in Cheshire and in Antrim ; but in those instances the discovery 
of the salt-beds was made in searching for coal. Shortly after its 

* See map, p. 762. 

t The discovery of rock-salt in the Tees Valley may bo said to have been 
forecast so far back as 1816. In that year Mr. N. J. Winch, in liis “ Observations 
on the Eastern part of Yorkshire,” read before the Geological Society, referring 
to the mineral springs of Dinsdale and Croft-on-Tees, said, “I have never heard 
that any brine spring had its source in this series of strata, though red sand- 
stone in which gypsum abounds seems a likely locality for rock-salt ” (Trans. 
Geol. Soc. vol. V. 1821, p. 543), 

X For details of this section see Mr. John Marley “ On the discovery of rock- 
salt in the New Red Sandstone at Middleshorough, ’^p. Brit. Assoc. 1863, Trans, 
of Sections, p. 82, and ^ Geologist,’ I8G3, p. 387. 
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discovery at Middlesborough an attempt was made to sink a shaft 
in order to mine the rock-salt, but the influx of water was so con- 
siderable that the undertaking was for the time abandoned, and for 
nearly twelve years nothing further was heard about Middlesborough 
salt *. 

In the year 1874 Messrs. Bell Bros, engaged the “ Diamond Bock 
Boring Company ” to put down an exi>loring hole t, close to their 
ironworks at Port Clarence on the north bank of the Tees, about 
three quarters of a mile (1314 yards) nearly due north of the 
Middlesborough boring, and after nearly two years’ work, the bed of 
rock-salt, 65 feet in thickness, was reached at a depth of 1127 feet. 
In order to prove the character of the strata beneath the rock-salt, 
this borehole was continued for 150 feet below the thick bed of 
rock-salt, or to 1342 feet t from the surface, and at this depth strata 
were met with which were identified (erroneously, I believe, see 
p. 770) as the Magnesian Limestone of Durham §. 

Having proved the salt-bed, Messrs. Bell sank a well at the 
Clarence Ironworks, nearly a mile (1680 yards) due north of the 
place where it was first discovered at Middlesborough, and at this 
point found it at a depth of 1043 feet, having a thickness of 65 feet. 
Subsequently they put down a second hole about half a mile (830 
yards) E.N.E. from their first well, and again found the salt-bed, 
rather thicker than before, at a depth of 1129 feet. Messrs. Bell 
Bros, were the first who succeeded in working the salt-bed in the 
Durham district, by a process which will be hereafter referred to. 

The success of this enterprising firm soon led other competitors 
into the field. Most of the subsequent explorations have proved 
the rock-salt to bo present in good thickness ; but in two or three 

* “ On the Manufacture of Salt near Middlesbrough,” bj' Sir Lowthian Bell, 
Bart., E.B.S., M.Inst.C.E., ‘ Proc. Inst. Civil Engineers,’ vol. xc. 1886-87, part 
iv. p. 131 et seq. 

t Loc. cit. See Appendix, p. 779, for details of this boring. 

f Two analyses of this limestone given by Sir Lowthian Bell, in his valuable 
paper already quoted, yielded the following result s : — 


feet. feet. 

“ Depth from under-surface of the salt 154 193 

Carbonate of lime 54*71 94*48 

„ magnesia 41*18 2*98 

„ iron 0*81 0 78 

Silica 2*00 1*20 

Bitumen 0*22 0*36 

Moisture 1*08 0*20 


100*00 100 * 00 ” 

There are some slight discrepancies here. In the sections to Sir L. Bell’s 
paper (pi. 3. fig. 3) the total depth of the boring is given as 1355 feel-, and the 
beds of “limestone and much gas” and “grey limestone and gypsum” described 
in that section, and from which the above analyses appear to have been taken, 
lie at depths of from 56 to 133 below the under surface of the rock-salt, and 
therefore could not have come from depths of 154 and 193 feet below that bed. 
Probably “ depth from ujyper surface of the salt” is here meant. 

§ Loc. cit. p. 133. 
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notable eases it was either ^ poo^y dereloped « eatirdy waa^g. 
The Newcastle Chemical Works Company put down two bordnike 
on the north bank of the Toes, opposite Middlesboroi^li and about 
1400 yards W.N. W. of Messrs. Bolckow, Vaughan and Co.’s Middles* 
borough well. Although the sinking at this point was oarried to a 
depth of 1200 feet, including upwards of 200 feet of Magnesian 
limestone underlying the New Red Sandstone, not a trace of the 
rock-salt was found ♦. Again at a boring which was made at 
Stone Marsh, Haverton Hill, on the Tees, one mile W.N.W. of the 
last-mentioned exploration, to a depth of 1000 feet, including about 
180 feet of Magnesian Limestone, a bod of rock-salt only 9 feet in 
thickness was found near the base of the New Red Sandstone. 
About three quarters of a mile (1300 yards) north of the New- 
castle Chemical Co.’s unsuccessful sinking, the Haverton Hill Com- 
pany have sunk several wells, and here the rock-salt was mot 
with in full development (93 to 123 feet) at a depth of about 
900 feet. The Newcastle Chemical Company having secured a 
district on the Tces-mouth shore, north of the area leased to 
Messrs. Bell, and 1235 yards nearly due north of the No. 2 well 
of that firm, sank seven wells within a limited area, and in all of 
these found the salt-bed in full thickness (90 to 117 feet) at a 
depth of 1100 feet. A company, promoted by Mr. Casebourne of 
Hartlepool, has put down a hole on property belonging to the 
Greatham Hospital, at a point two miles a little west of north of the 
last-mentioned wells, and found the salt 82 feet thick at a depth of 
889 feet. This is the most northerly point at which the salt-bed 
has yet been proved. Last year the same firm (Messrs. Casebourne 
and Bird) commenced a boring f for salt at Seaton Carew, two miles 
N.N.E. of their Greatham well, and about the same distance south 
of Hartlepool. The New Red Sandstone was penetrated to a depth 
of 522 feet, without traces of rock-salt being found. The 
Magnesian Limestone was then entered, and at the time of writing 
had been proved to a depth of 838 feet, or 1360 feet from the 
surface, without being passed through. 

So long ago as the year 1827 a boring was put down to a depth of 
529 feet at Oughton, 1 k mile west of Seaton Carew. The greater 
portion, if not the whole, of this boring was in Triassic sandstones 
and marls, but no salt-beds were met with. In 1887 Messrs. Case- 
hourne and Co. put down a boring at the Cement Works near West 
Hartlepool, half a mile N.W. of the Seaton Carew boring, to a depth 
of 770 feet. The upper 715 feet of this section consisted of New 
Red Sandstone (Keuper Waterstones), the lower 55 foot of Magne- 
sian Limestone. No rock-salt was found here either, but consider- 
able deposits of anhydrite occurred at the base of the Trias 


* See Appendix, p. 779, for details of this section, 
t See Appendix, p, 781, for details of this section. 

J The presence of from 500 to 700 feet or so of Triassic strata near Seaton 
Oarew, within a mile of the probable boundary of the Magnesian Limestone, 
would seem to indicate the existence of a fault, with a downthrow on the south, 
between this place and West Hartlepool. 
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It is intended to carry the Seaton Carew boring to a total depUi 
of 2000 feet, in order to determine whether or not proactive measures 
of the Durham Coal-field extend beneath the Permian and Triassic 
rocks in this direction. Whatever be the result, this trial-boring 
will always be one of very great geological interest, not only from the 
light it will throw upon this important question, but also from its 
^rnishing us for the first time, in one complete vertical section, 
with the entire series of the Magnesian Limestone of Durham 

Further successful explorations for rock-salt have also been 
recently conducted south of the estuary of the Tees. The Middles- 
borough Estate Co., Limited, have proved the salt-bed 90 feet in thick- 
ness at a depth of 1341 feet from the surface at North Ormesby, 
three quarters of a mile (1200 yards) due south of Messrs. Bolckow 
and Co.’s Middlesborough boring. The Cleveland Salt Company (for- 
merly Messrs. Bolckow and Vaughan) have sunk a well on the Tees 
foreshore, near the Eaton Ironworks, about 2^ miles east of their 
Middlesborough well, and found the salt-bed 81 feet in thickness at a 
depth of 1570 feet from the surface t. The salt-bed (86 feet) has 
also been proved at the Imperial Ironworks, half a mile nearer 
Middlesborough, at about the same depth. In the year 1887 there 
were, according to Sir Lowthian Bell, no less than twenty wells in the 
Durham district from which salt in the form of brine had been 
raised, although seven of these were then disabled through accident. 
The annual production of salt from these wells in that year has been 
estimated at 150,000 tons, and for the present j^ear at 200,000 tons 
or thereabouts. Seeing that the demand for this substance at the 
soda-works of the neighbouring district is at the present time very 
considerably in excess of this amount, there can be very little doubt 
that, the natural supplies being ample, the above output is capable 
of very considerable expansion in the future. 

Stratigra^Jiical Position of the Saliferous RocTcs of the Parham district. 

As in other cases where our knowledge of the stratigraphy of a 
district mainly depends ux^on the evidence afforded by deep borings, 
the determination of the geological age of the saliferous rocks of the 
Durham district is by no means free from difficulty. We must not 
therefore be surprised to find that very diverse and conflicting 
opinions have already been expressed, and that at the present time 
a good deal of confusion exists on the subject. I propose in the first 
place to briefly review these ox>inionB, and afterwards to con- 
sider in a little more detail the particular view which I. believe to 
be the correct one. 

In a paper read before the British Association in 1863, Mr. John 
Marley described the discovery of rock-salt at Middlesborough by 

Since this paper was read the boring at Seaton Carew has been conlinuetl 
and is still proceeding. The Magnesian Iwimeetone has been proved to have a 
total thickness of 878 feet at this point. At a depth of 1400 feet from the 
surface Carboniferous rocks were entered, and on Sept. 29th, 1888, liad 1t>een 
proved to a depth of 400 feet, or a total depth of 1800 feet from the surface. 
These rocks consist of grey and red sandstones with dark bituminous shales 
with two thin coal-seams, and evidently belong to the Coal-measures of Durham ; 
but, so far, no workable coal has been reached. 

t See Appendix, p. 778. 

a J.G. S. No. 176. 3 b 
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Mewra. Bolokow and Co., and gave a dotted wctaon of ^ Ix^, 
and the analyais of the aalt here quoted •. OSie ant^r r^era « tite 
atrata in wUoh the aalt oocnra to the Upper New fied Saadatme, 
or &e aame aa those in which fte rock-aalt of - 

In a paper “ On the parte of Xhigland and Wales m Whudi Coal 
may and may not be looked for beyond the knowh Ooadfialda,” 
before the British AaaooiatSon in 1866 1, Sir Eodeli^ Mnndiii^ 
referred to the (then) recent diaooyery at Ifiddleaboiongh, « byjte 
spirited ironmaster Mr. Vaughan, of a body of roek-aaltaulMtehni^ 
to the New Bed Sandstone at a depth of 1800 1 without 
even the surface of the Magnesian Limestone/* In the Brestden^ 
Address to the British Association in the year 1880, Sir Andrew C* 
Bamsay, LL.D., F.R.S., referring to the earlier salt-explorations of 
Messrs. Bolckow and Messrs. Bell, said (p. 11), in the North of 
England at and near Middlesb’rough, two deop boreholes wore made 
some years ago in the hope of reaching the coaLmeasures of the 
Durham Coalfiold§. One of them, at Saltholme, was sunk to a depth 
of 1355 feet. First they passed through 74 feet of superficial clay and 
gravel, and next through about 1175 feet of red sandstones and marls 
with beds of rock-salt and gypsum. The whole of these strata (except- 
ing the clay and gravel) evidently belong to the Kouper marls and 
sandstones of the upper part of our New Red Series. Beneath these 
they passed through 67 feet of clolomitic lime-^tone, which in thin neigh- 
hourhood forms the upper part of the Permian series, and beneath the 
limestone the strata consist of 27 feet of gypsum and rock-salt and 
marls, one of the beds of rock-salt having a thickness of 14 feet. 
This bed of Permian Salt is of some importance, since I have been 
convinced for long that the British Permian strata were deposited, 
not in the sea, but in salt lakes comparable in some respects with 
the great salt lake of Utah, and in its restricted fauna to the far 
greater salt lake of the Caspian Sea” ||. 

In the geological article by Messrs. W. Y. Veitch and G. Barrow, 
F.G.S., appended to the ‘ Guide to Middlesborough and the District,’ 
for the use of Members of the British Association visiting Cleveland, 
Sept. 8tli, 1881, the authors give three detailed sections of the salt- 
measures of the district, viz., Messrs. Bolckow, Yaughan & Co.’s 
Middlesborough well, and Messrs. Bell Brothers’ Salt holme Test- 
boring and No. 1 well, and speak of the salt-deposits as occurring 
in the New Bed Sandstone. 

In the Sixth Report of the Committee of the British Association 
On the Circulation of Underground Waters in the Permeable For- 
mations of England and Wales ” Mr. C. E. de Bance, F.G.S., 


♦ Bep. Brit. Assoc. 1863, Trans, of Sections, p. 82. ‘ Geologist,' 1863, p. 387. 
Appendix, infrh^ p. 782. 

t Bep. Brit. Assoc. 1867, Trans, of Sections, p. 61. 

t An error for “ from 1200 to 1300 feet.” 

I This was not exactly the case ; the first boring was sunk for water, the second 
for salt, and to test the stmta below the salt-bed, rather than with the hope of 
actually reaching coal. See Bell, loo. cit. p. 133. 

}j Bep. Brit. Assoc. 1880, p. 11. The italics in this and the following quota- 
tions are mine. 

^ Bep. Brit. Assoc. 1880, p. 104. See also Seventh Beport of the same 
Committee, Bep. Brit. Assoc, 1881, p. 310. 
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referring to the Middlesborongh boring, says, ‘‘ The limestones, thick 
galt-hedi, and gypa^nll in that boring, are prohahly referahU to the 
Bertman ; the intervening beds of red sandsto^, 67B feet, are 
probably referable to the Waterstones and Lower Mottled Bnnter, 
the Upper Mottled and Pebble-beds having thinned ^ Bni in 

the Eleventh Beport * of the same Committee we £nd antimr 

modihes his o^nion as to the strata met with in the 
andSaithoIme bmings to the extent that he eonsidei^ B ^ 
probable that the pebbly character of the middle porti<m <^ the Baii^ 
has died away northwards, and that the l^ddXesborough seotiicm 
represents Waterstones, pebbleless Middle Bunter and Lower Bnnter/^ 

In a paper read before the Geological Section of the British Asso- 
ciation in 1886, on “ The Stratigrapbical Posidon of the Salt 
Measures of South Durham ” t» Professor G. A. Lebour, M. A., P.G.S., 
gives reasons for suggesting “ that much of the Salt-measures of the 
South Durham district is probably the representative of the Upper or 
Kauchwacke Permian of Germany.” 

The following table shows the classification Professor Lebour 
tentatively suggests for the strata met with in the Durham district, 
with an alternative arrangement of the strata which I would myself 
advocate. 


Classification of the Permian and Triassic Rocks of the 
Durham district, according to 
Leboue. 

Avicula-oontorta beds (proved in I 
Eaton shaft and boring) I Rhcetio. 


7. Red and green marls with gypsum 
(known only South of Tees) 

6. Red sandstone 

Unconformity (?). 

5. Red sandstones and marls 

Unconformity (?). 

4. Red marly sandstones, marls with"! 
lenticular beds of anhydrite, gyp- 1 
sum, and salt, and foetid limestone | 
in variable bands towards the base. J 

3. Main Magnesian Limestone 

2. Marl-slate, with fish-bed 

1. Yellow sands 

U nconformity . 

Carboniferous rooks 


Upper 

Trias. 


(? Lower) Trias. 


Upper 

Permian 

(Rauchwaoke) 

Middle 

Permian. 

[Lower Permian.! 


The Authoe. 
Rhsetio. 

“’a 


viz. 

Upper 

Keuper. 


Unconformity. 

Permian 
(Upper J). 


Unconformity. 

Carboniferous. 


♦ Rep. Brit. Assoc. 188.^, p. 384. 
t Rep. Brit. Assoc. 1886, Trans, of Sections, p. 673. 

t That is to say, Upper or 2iechstein &c. division, as contrasted broadly with 
the Lower or Rothliegende group. 

3e 2 
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The above olassifioation of Professor Lebonr'i hw beea oritk^Ud 
by Professor Green, in ‘ Nature ’ *, on genwal g^ada yarding Ok 
impracticability of making precise correlations of the maiOT diyisMms 
of a formation in dissociated areas, wpeoially in Mae of “ a group 
of rocks like the Permian, formed in so many distinct basins and 
under changing conditions, the order and nature of which were 
probably never the same in any two basins.” With the general 
tendency of these objections I coincide. To arrive at correct con- 
clusions regarding the classification of the Permian (and the Triassic) 
rocks of the Durham district, we must compare these rocks with those 
of the same series in other portions of the same great North-eastern 
area or barin, with which they are in direct physical continuity, 
and of which they form a part. All attempts to correlate the Per- 
mian rocks of Cumberland and Lancashire with those of Durham, 
Yorkshire, &c., are, I beUeve, doomed to failure, because these two 
areas were phj’sicaliy disconnected in Permian times, and on that 
account the sequence of the possibl}^ synchronous deposits in them 
is entirely different f. Still more hazardous would it be to attempt 
to correlate in minute detail, especially in the absence of any 
strongly confirmatory palaeontological evidence, the minor divisions 
of the Magnesian Limestone of Durham with the rooks of the 
same series in the equally disconnected and far more distant conti- 
nental areas. But that it is possible to compare the Permian (and 
the Trias) of Durham, in their subdivisions, with the same rock- 
series in other parts of the North-eastern basin 1 cannot doubt ; and 
it would be a lame conclusion, I consider, to fall back on some 
general term, such as “Poikilitic” or “New lied Sandstone,'* for 
the united Permian and Trias of Durham, because the charact,era 
and succession of those rocks in that district are not precisely identical 
with what we find them to be further to the south. 

Sir Lowthian Bell, in his essay “ On the Manufacture of Salt near 
Middlesborough,** does not himself consider the question of the 
geological age of the saliferous rocks of the district ; but in the 
discussion which followed the reading of his paper several diverse 
opinions on this head were expressed by some eminent authorities. 
Sir W. W. Smyth said, “ It had been already shown pretty clearly 
that the formation in which the salt was found was of a different 
'period^ and of a different quality to that of the Cheshire salt-beds.” 
On the other hand, Professor Hull wrote that “ The salt-rock under 
Middlesbrough seemed to occupy the eooact geological position of 
that in Cheshire, Staffordshire, Warwickshire, and at Garrick Fergus, 
near Belfast, being at the base of the New Bed Marl (Keuper 
division of the Trias), and above the Now Bed Sandstone (Bunter) ; ** 
whilst Mr. Bauerman observed that the subject of the paper was 
very interesting, but, like many other interesting subjects, obscure,’* 
The Greological Survey of England class the saliferous beds of 
South Durham with the lower or “ Waterstones ** section (/®) of 

* * Nature,’ vol. xxxvi. 1887, p. 289. 

t “The Age of the Pennine Chain,” Rep. Brit. Assoc. 1879, p. 313, and 
Geol. Mag. 1879, p. 600. 
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Uppfer Keuper diwion of the Tiiassio series, tr|Km the r©^ 
cently published maps the rocks of this lower subdiTisiou (Water- 
stones) are shown as occupying the larger portion of the low-iying 
country intervening between the Jurassic uplands of the Cleveland 
district and the Magpiesian Limestone region north of the Tees, 
without the intervention of any Bunter Sandstone* * * § The limits of 
the Permian and Triassic areas could not, however, be defined 
with precision, owing to the thick cloak of superficial deposits, which 
renders the study of the solid geology of this district so difficult ; 
thus the boundfiry between the two had to be indicated by formal 
lines, and it is stated on the maps as approximate only. 

From the foregoing references, then, it appears that there are three 
distinct views at present prevailing with regard to the geological 
age of the saliferous deposits of the Durham district. First, there 
is the view, originally expressed, I believe, by Sir Andrew Ramsay, 
that the principal bed of rock-salt belongs to the Keuper, and that the 
lower beds of rock-salt, marl, limestone, and gypsum belong to the 
upper portion of the Permian series. This is the view which Mr. 
Horace Woodward, F.G.S., adopts in the new edition of that work so 
valuable to all students of British Geology, * The Geology of England 
and Wales ’ *. Then we have what I should call the more extreme 
view of Professor Lebour and Mr. C. E. De Ranee, that all the salt- 
beds and associated strata, “ Red marly sandstones &c. (No. 4 in 
Prof. Lebour’s classification), belong to the Permian formation, and 
that the overlying series of Red Sandstone and marls (No. 5) 
represent the Lower Trias or Bunter Sandstone. Lastly, there is 
the view that all the salt-beds and the whole of the saliferous marls, 
sandstones, and limestones met with in the lower part of the various 
borings in this salt-field f above the continuous strata of the Magne- 
sian Limestone, as well as all the overlying red rocks of the Toes- 
valley district, belong to the Trias, and to the Uppeiv or Keuper 
division thereof — to the same general series, in fact, as that which 
contains beds of rock-salt in Cheshire, Worcestershire, and the 
north of Ireland. This last is the view which the earlier geologists, 
judging by the limited evidence then available, took of the matter, 
and is the one which has always appeared the most probable to 
myself In addition to the authority of the Geological Survey, 
which, as the result of careful and detailed investigation on the spot by 
highly qualified men, must always carry very great weight, I think 
I am justified in quoting this as the opinion of Professor Hull ; for in 
the correspondence relating to Sir L. BelFs paper §, the able author of 
the “ Trias and Permian Rocks of the Midland Counties refers the 
salt-rock under Middlesborough to the base of the Keuper Red 
Marls, and says nothing about ‘ Permian Salt.’ It is only fair, 
however, to say that Prof. Hull refers solely to the Middlesborough 

* ‘ The Geology of England and Wales/ 2nd ed. 1887, pp. 221, 241. 

t See p. 772 and Sections facing p. 782. 

f “ The Permian Formation in the Korth-east of England,” * Midland 
Naturalist,’ vol. iv. 1881, p. 188. 

§ Loo, cit. p. 154. 
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Beotion, and makes no mention of Mcssre. ^’b trial^ring, i. «. 
the particular section upon which the hypotheais of Permian salt 
in Durham was first based. We innst also interpret in a liberal 
sense the words “ the exact geological position used by Prof. Hull. 
It would not be correct to assume that the salt-beds of South 
Durham, of Cheshire, Worcestershire, and the North of Ireland lie 
at exactly the same horizon in the Triassic (Keuper) series, or tb&t 
they were strictly synchronous deposits. As a matter of fact, the 
beds of rock-salt in Durham lie near the base of the Upper 
Keuper (/*) and 1700 feet below the topmost Trias (or we will say 
the Kheetics, to fix the horizon still more definitely), whereas in 
Cheshire the salt-beds come high up in the Keuper Marls (/*), 
whilst in Worcestershire and in Antrim they probably occupy inter- 
mediate positions. 

I will now state the grounds upon which I conclude that the 
saliferous rocks of the Tees volley belong, neither wholly to the 
Permian formation, nor partly to the Permian and partly to the Trias, 
but wholly and solely to the Triassic series. In the year 1881 1 made 
a careful examination of the cores of the rocks passed through in 
Messrs. Bell Brothers’ Saltholme trial-boring, including the 150 
feet or so of strata beneath the thick bed of rock-salt at that point. 
From this inspection I satisfied myself that the rock-salt belonged 
to the Keuper division of the Trias. The thick series of regularly 
bedded and fine-grained red and grey sandstones and marls which, 
in this and the other sections here referred to (see Appendix and 
Sections facing p. 782), overlie and graduate down into the saliferous 
marls, and which underlie and appear to graduate up into the gyp- 
siferous red marls, show the closest resemblances in their general 
structure and mineral characters to the Keuper “ Waterstones ” of 
the Midland counties. 

The development in this district of some 300 or 400 feet of red 
marls with beds of gj^psum and rock-salt, having very much the 
character of the Upper Keuper “ Red Marls,” beneath a considerable 
series of red sandstones possessing the characters of the “ Water- 
stones,” does not, in my opinion, militate against the conclusion that 
all these rocks belong to the Keuper series, but, on the other hand, 
tends to bear out the view, which we have independent reasons for 
adopting, that the “ Red Marls ” and the “ Waterstones ” can only be 
arbitrarily separated from each other, that they really form portions 
of the same rock series, and that the same peculiar physical conditions 
were maintained during their deposition. The lowest beds met with 
in the Saltholme boring beneath the thick bed of rock-salt (164 
feet proved), and described by Sir Lowthian Bell as * Limestone 
and marls with gypsum and rock-salt,’ also appear to me to belong 
to the Keuper division of the Triassic series. 

The cores of these beds which I now exhibit, and which were 
kindly given me by Messrs. Bell on visiting their works at Port 
Clarence, appeared to be fair samples of the 67 feet or so of strata 
met with near the bottom of their trial-boring, and described in 
the sections as Limestone ” or Magnesian Limestone.” 1 should 
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demur to the use of the term “ Limestone as applied to the whole 
of these beds, and would designate them instead indurated marls,” 
idthough there appear to be dolomitic or calcareous, as well as dark 
bituminous beds among them, they show no sort of resemblance to 
any known beds of the Magnesian Limestone of Durham ; on the 
other hand, they possess the characteristic greenish-grey colour of 
certain Keuper Marls, as well as a very similar texture and probably 
also minerfd composition, although decidedly harder than moat of 
the rocks of that series. It is also worthy of note that they contain 
gypsum, as well as that they overlie a thickish seam of rock-salt. 
It was upon the supposed identification of these ‘ limestones ' as 
belonging to the Magnesian Liifiestone that Ramsay based his 
hypothesis of Permian salt in Durham. Whilst not prepared to 
accept the evidence of rock-salt in the Permian formation in Eng- 
land, I do not on abstract grounds contest the possibility of such an 
occurrence. With the hyijothesis of direct chemical precipitation 
in inland salt lakes (or lagoons) of the dolomitic deposits of the 
British Permians I entirely concur, and elsewhere I have advanced 
arguments in support of this theory Although the idea of ‘ Perm- 
ian salt ’ in Britain must, I believe, be abandoned, it is worthy of 
note that in certain of the deep borings in the Durham salt-field (see 
Appendix, pp. 779, 781), gypsum and anhydrite are found to occur in 
intimate association with the dolomites of the Magnesian Limestone ; 
and in the Seaton Carew section these minerals are distributed, 
more or less abundantly, through the greater portion of that series. 
Surely this is a very significant fact and one that must tell strongly 
in favour of the chemical-precipitation hypothesis. Accepting the 
accuracy of the information as to the presence in the Saltholme 
section of dolomitic limestones above certain saliferous strata, it 
would not be safe to assume, failing more decisive evidence on the 
subject, that such beds belong to the Permian formation. Calcareous 
beds are met with in rocks of undoubted Triassic age exposed at the 
surface in South Durham, and dolomitic rocks are known to occur 
to a considerable extent in the Keuper sandstones and marls of the 
West of England and in other parts of the British area, especially 
where these rocks approach a margin of Mountain Limestone. In 
the same way we might naturally expect to meet with dolomitic 
beds towards the base of the Keuper in a district where these rocks rest 
on a margin of Magnesian Limestone. 

The view that the upper portion of the saliferous rocks of South 
Durham belongs to the Trias and the lower to the Permian, seems 
to me, if anything, the most improbable of all. The chances, in the 
abstract, against two sets of beds of such an uncommon mineral as 
rock-salt occurring at the same point, and within 200 feet of each 
other in the same vertical section, in two distinct rock-series, are 
assuredly very great ; but the chances against such a coincidence are 
vastly increased when wo consider that there is no sort of sequence 
between the two formations in the district in question, but that, on 

* " The Permian Formation in the North-east of England,** * Midland Nat- 
uralisV voh iv. pp. 202-208 (1881). 
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the contrary, there is a decided break and iincMtenn% beNi^ 
them, indicated by the omission of ^e whole of th» X|Ow« 0^ 
or Bunter Sandstone, not to mention the Middle Tnae, or MoBebelkdk 

I^oSd here observe, parenthetically, that this disoordanee between 
the Permian and Trias of Durham is probably in a large measure 
due to want of conformity between the Upper and the Lower Trias, 
coupled also perhaps with an original northerly thinning out of the 
Bunter Sandstone. The very ample and Cheshire-like development 
of the Keuper series in the Tecs valley (1801) or 1900 feet as com- 
pared with 600 or 800 feet in the East Midlands), taken in conjunc- 
tion with the total absence of the Banter Sandstone in South Durham, 
is certainly a very suggestive phenomenon. 

In some parts of the Midland district there are evidences of 
rapid attenuations of the Banter Sandstone, as well as of actual 
discordance between the Bunter and the Keuper and in passing 
across Yorkshire something of the same kind evidently oocors. 

The arguments against the whole (as of any part) of the saliferous 
rocks of South Durham being Permian are also very strong. In 
addition to the indications of the graduation of these beds upwards 
into undoubted “ Bed Marls,” and the evidence of their mineral 
characters, which I affirm indicate that they belong to the Upper 
Trias, we have the negative fact, that no deposits of rock-salt have 
ever been found in any British rocks which have ever (rightly or 
wrongly) been assigned to the Permian period. Gypsum is, indeed, 
known to occur in certain Permian marls in this country, and, as we 
have lately learnt, has been found associated with the Magnesian 
Limestone of South Durham. Although beds of rock-salt occur in 
certain continental Permians, not even a single pseudomorph of 
common salt has ever been found in any British rock of Permian age. 
On the other hand, rock-salt occurs in the Trias (Upper Keuper) of 
Cheshire, Staffordshire, Shropshire, Worcestershire, &c., and in the 
north of Ireland ; and where we do not meet with actual beds of 


this mineral in these rocks, its former presence is very frequently 
indicated by salt-pseudomorpbs or by brine-springs. A very little 
consideration will show that it is much more probable that beds of 
rock-salt should occur towards the base of the upper than towards 
the top of the lower of two discordant formations. Between the 
Permian and Triassic epochs in Durham there was certainly an 
interval in time unrepresented by rock-formation. Had any deposits 
of salt been formed towards the close of the Permian epoch, and 
thus left for long periods of time exposed near the surface, these 
beds would almost certainly have been destroyed during this interval. 
That the main mass of Kock-salt belongs to the overlying and not 
to the unclerJjiTig rock-series is indicated by its persistence at a well- 
defined horizon t in the former for a distance of at least four miles 
(Eston to Greatham), in a direction at right angles to the average 


* On the Unconformity of the Bunter and Keuper,** Geol. Mag. 1880, 
p. 809 ; ^ Geology of England and Wales,* 2nd ed. 1887, pp. 221, 224. 

t See Vertical Sections, facing p. 782. 



strike of the non^^tifonx^le Permian and Triassic rocks. Some- 
times the rock-salt is entirely wanting, but in none of the deep 
salt-borings, colliery-sinkings, or more superdcial excavations into 
the Magnesian Limestone of Durham have any saliferous beds ever 
been found associated with any undoubted Permian rocks. 

Area of the Limits of Distribution and Depth of the 

Dock-salU 

The question naturally arises at this point. Can we at present 
form any conception of the extent of the area of the Durham 
Salt-field ? All experience in other salt-districts shows that this 
mineral does not, like coal, lie in continuous beds of pretty uniform 
thickness over very extensive areas, but that it is Uahle to rapid 
fluctuations and sudden total disappearances. This evidently applies 
to the South-Durham salt-field. As we have seen, the thick salt-bed 
was present at Middlesborough in full development (100 feet). At 
Messrs. Bell’s Saltholme trial-boring, three quarters of a mile to 
the north, the bed was reduced to little more than half this thickness 
(65 feet) ; at the Newcastle Chemical Co.’s boring on the Tees, only 
three quarters of a mile west of these two points, the salt-rock had 
entirely run out. At 8tono Marsh, about a mile further west, the 
rock-salt is present, but in a very attenuated condition ; whilst at 
the equally distant Haverton-HUl borings it attains its maximum 
development in the district. 

Again, at the Greatham boring, midway between Middlesborough 
and Hartlepool, the salt is present in full thickness ; but at Seaton 
Carew, a little over two miles north of this point, it is absent. In 
the seven wells put down by the Newcastle Chemical Co. on the 
Tees-mouth shore, the salt-bed was found to vary from 90' 6" to 
115' 4", i, e, 24' 10" in a distance of only 132 yards, a fluctuation at 
the rate of 1 in 16. Evidently, then, the bed consists of one or 
more * great lenticular masses. 

There is little reason to doubt that in this form the salt-bed has 
a wide distribution beneath the estuary of the Tees and the bordering 
districts. It is fuUy developed at the Greatham boring on the north 
and at the Ormesby boring on the south, places four miles apart, and 
has so far been met with in good thickness at every exploration in 
a straight line between the two points. In a transverse direction 
(W.N.W. and E.8.E.) the salt-rock has been found well developed 
from the Eston Ironworks to Haverton Hill, a distance of very 
nearly three miles. How far the bed extends from the Greatham 
boring towards Seaton Carew can only be proved by actual sinkings ; 
but its absence in the recent Seaton and earlier Oughton borings 
seems to indicate that there is a considerable Triassic area bordering 
the Magnesian Limestone country which is destitute of this mineral. 
As regards the southerly extension of the rock-salt, the ample 
development of the thick bed at points between two and three miles 

* It is assumed as most probable that the thick salt-bed hitherto met with 
in the various deep borings in this district is one and the same bed. See Vertical 
Sections, facing p. 782. 
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ofa wide distribution. It is probaWe 

a larne area of the low-lying ground aouth of e^«as^ of ^ 
Tees, and it is quite possible that it extends beyond that legion wd 
beneath the Cleveland Hills of Yorkshire. Owing, howevecr, to ^ 
prevailing south-easterly dips of the Secondary rocks of this part 
of England, and the consequent coming in of higher measures, Hie 
saliferous beds of the Trias and rock-salt can only be looked for 
at very considerable and constantly increasing depths the further we 
proceed in that direction. In the country north of the Tees, where 
the inclination of the New Red Sandstone is generally very small, 
viz. 2® to 3", and in some x)ortions of the district almost ntf, the 
Salt-rock is found at depths of from 1200 to 900 feet or less. In 
the vicinity of the Tees the dip appears to increase to about 5"^, so 
that at Ormesby and Eston, close to the south bank of the river, 
its depth from the surface is more considerable, viz, 1350 feet and 
1570 feet respectively. South of the Tees the average inclination 
of the strata appears to be about 3°. Beneath the Cleveland Hills 
the greatest of these depths would be considerably exceeded, seeing 
that, partly on account of the dip and partly on account of the rise 
of the ground, the whole or the greater portion of the Lias, as well 
as almost the entire series of the Triassic rocks of the district, would 
have to be passed through before the rock-salt (if present) could be 
reached. 

We are now in a position to indicate approximately what these 
depths would be. At the Cleveland Salt Company’s Eston boring 
the salt-rock is reached through 1570 feet of Eeuper marls and 
sandstones. At the gypsum-pit, midway between Eston Junction 
and the Eston Ironstone Mines, the highest stratum of the Keuper 
marls was reached at a depth of 3 90 feet from the surface, or about 
1 54 feet below the sea-level ♦. Taking the dip between these two 
points as 3° S.E., and assuming that no faults intervene to affect 
our calculations, we should have to add 120 or 3 30 feet to the Eston 
salt-works section to arrive at the ftill thickness of the Reaper rocks 
down to the rock-salt. This would give 1700 feet, and the full 
development of the Triassic series, including the saliferous beds at 
the base, as probably 1900 feet or thereabouts. According to Messrs. 
Tate and Blake f, the Lias and Rhaetics beneath Eston Moor attain 
a maximum development of 1325 feet. Adding this to the Triassic 
strata overlying the salt- bed, we find that in this portion of the 
Cleveland district any wells sunk to the rock-salt, granting it to be 
present, would have to be at least 3000 feet deep. It has been supposed 
by some geologists that productive coal-measures underlie the Jurassic 
uplands intervening between the Durham and Yorkshire coal-fields, 
although the opposite view has generally been taken (rightly, I 
believe) by most of those who are competent to speak on the subject. 
This is a question entirely beyond the scope of the present paper, 
and intn which I do not intend to enter, beyond calling attention 

* * The Yorkshire Lias,' 1876, p. 30. 

t Ibid. p. 193. 
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on the tery ecmtddei^le deptilio to wEicE any cmd^^xidotationB ^nld 
Eavo to be oaztied in the abore district, even snpposing piodnetive 
Ooal-m^nree to be there present. For, to the 8000 feet of lias 
and Trias, we should have to add fully 800 feet of Permian s^ta, 
besides a more or less considerable capping of Lower Oolites. This 
would mean something like 4000 feet down to the surface of the 
Carboniferous rocks, a depth which was held by the Boyal Coal 
Commission of 1871 as the limit at which it would be possible to 
mine ooaL 

To return, however, to our proper subject, I would again insist 
on the want of all certainty there is in the distribution of so fluc- 
tuating and unreliable a mineral as rock-salt. All that we can 
safely say is, that the thick bed of rock-salt of South Durham has 
already been proved to extend over an area four miles by three or 
four in extent ; that it is highly probable that beneath the greater 
portion, if not the whole, of this area the salt-bed maintains a 
considerable (80 to 120 feet) and pretty uniform thickness ; that it 
is improbable that so considerable a deposit should rapidly die away 
in every direction ; and that, as previous explorations seem to show 
that the bed does die away in two given directions (N. and W,), 
there are reasonable grounds for anticipating its further extension 
in the opposite (E. and S.) directions. At the same time I do not 
mean to afiirm that the disappearance of the salt-bed at a single 
point on the Tees is suflioient to prove that it is absent from the 
whole of the rest of the Triassic country beyond, stretching S.W. 
from the Tees mouth, or that its presence at three or four points on 
the S.E. bank of this river is sufticient to prove its continuous and 
indefinite extension in that direction. 

It is a well-known fact that rock-salt never crops out at the 
surface, and it has been justly observed that so soluble a mineral as 
this is could not be expected to do so, since its outcropping 
portions would be speedily destroyed by the infiltration of surface 
waters. I do not, however, believe, as some have supposed, that this 
is the explanation of the absence of the rock-salt on the Tees 
opposite Middlesborough, and still less that such dissolution along 
the outcrop has originated the channel of that river. The point 
referred to is between four and five miles from the outcrop, and here 
the horizon for the salt-bed lies 1000 feet beneath the surface and is 
bounded by impervious marls. The salt-rock has also been met with 
at other points nearer the outcrop. At Seaton Carew which is about 
one mile and a half from the outcrop of the Magnesian Limestone, 
the horizon for the salt-rock would lie at about 600 feet from the 
surface. Here also the measures were, I understand, dry, and there 
was no evidence in the shape of brine or other springs at this horizon 
to explain its disappearance. We may broadly assert that in 
South-Durbam salt-istrict the salt-rock (or the stratum occupying 
its horizon) is always enclosed between impervious beds and 
is free from water, having what is known in the Cheshire district 
as a dry rock-head,’’ If this salt-bed ever did crop out at the 
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surface, of which fact I am by no means satisfied, the effects of 
surface-infiltration would, I believe, be limited to a small lateral 
extent ,* because on the removal of the salt the impervious roof 
would subside on to the impervious floor and the surface-action 
would be brought to a standstill. It has been suggested that certain 
cavities and swallow-holes met with along the boundaiy of the 
Magnesian Limestone between Hartlepool and Darlington, and also 
near Kipon, may be due to the dissolution of saliferous beds ; but 
it seems to me more probable that the true explanation of these 
hollows is the same as that for similar phenomena along other lime- 
stone boundaries, and that the peculiar forms of the cavities may 
be due to the rapidly varying character and solubility of beds of the 
Magnesian Limestone. I therefore conclude that the present exten- 
sion of the rock-salt in South Durham is defined by the limits of 
its original area of deposition and not by subsequent dissolution by 
outcrop or other infiltration. 

Method of winning the Salt, Waste in worTcing 

It would be beyond my powers and outside the scope of this paper 
to consider the chemical and mechanical details of the mining and 
manufacture of salt in the Durham district. For full information 
on these matters I must refer those who are interested in the subject 
to Sir Lowthian Bell’s admirable essay “ On the Manufacture of Salt 
near Middlesborough ” There are, however, certain consequences 
of the method of working the salt-bed there described which cannot 
be considered as altogether satisfactory, and to which I should like 
to call attention. The salt is extracted from its bed by solution, by 
a method which has for some time past been in operation at Nancy, 
in France, but was introduced for the first time into England by 
Messrs. Bell Bros, about twelve years ago at their Saltbolme works. 
The process is as follows : — A hole from 6 to 12 inches or so iu 
diameter is bored down to and through the Rock-salt, and is lined 
with an iron retaining tube ; within this an inner tube of 2 or 4 inches 
less diameter is let down and secured below ; both tubes are perfor- 
ated with holes where they pass through the rock-salt ; fresh water 
is let down the space between the two tubes, and this passing 
through the outer holes gradually dissolves the salt ; the brine thus 
formed enters the inner tube and rises in it as high as a column of 
fresh water will support a liquid having a sp. gr. of 1*204 or there- 
abouts, and is drawn up the remaining height by pumping. Now 
it appears that this system of working the salt, although far more 
economical for raising this mineral from great depths, both as regards 
the capital and the labour employed, than by sinking a shaft and 
regularly mining as in the case of coal, is extremely wasteful, having 
regard to the proportion of the salt which is extracted from its bed. 
It is found that a single borehole will only extract a limited amount 

♦ Zoc. cit. See also paper on “ The South Durham Salt-bed and Associated 
Strata/' read by Mr. W. J. Bird to the Manchester Geological Society. June 6, 
1888. 
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of salt. This is apparently due to the insoluble earthy residue of 
the rock-salt (which in the Durham salt-bed seems often to attain 
rather large proportions), coupled with falls from the roof, forming in 
time over the floor of the cavity eaten out of the salt-bed a thickish 
earthy layer which is impervious to the solvent water. Thus, 
after a while, the brine is found to become weaker and weaker, until 
in time it will not pay to raise. Again, the bed of rock-salt appears 
to be dissolved away by this process in a very unequal manner, viz. 
much more rapidly above than below, owing to the fact that the 
saturated brine which sinks to the lowest depths of the borehole 
has not nearly such solvent power as the comparatively fresh water 
which floats upon it. Hence the cavities eaten out in the rock-salt 
at the bottom of a brine well assume the form of inverted cones, 
of which the bottom of the well is the apex. This leads us to infer 
that in the course of time, when the inevitable subsidences set in, 
a number of cavities will be formed at the surface which will con- 
form to the general contours of these subterranean cavities, and of 
course the unequal character of such subsidences would bo particu- 
larly destructive to surface properties. It appears further that, as 
the law now stands, owners of land adjoining these wells, unlike 
owners of land undermined by coal-workings, have no legal claim 
for compensation on account of the damage done to the surface, nor 
for the loss of the mineral which has been abstracted from beneath 
their property — a palpable injustice which it seems impossible to 
suppose can be allowed long to continue. These special evils would 
be removed if the salt-rock were mined and in other respects treated 
in the same manner as coal. By that mode of working, too, a 
much larger proportion of the bed might be extracted, as well also 
as a good deal which extends beneath the sea ; but whether it would, 
by any method of working, be practicable to mine the whole or even 
the greater portion of an immense mass of rock-salt 100 feet in 
thickness, lying at depths of from 1000 to 2000 feet, I am not able 
to say, nor can one forecast the precise limits of the destruction 
which might result through subsidence, were such a thing done. I 
would conclude with the remark that, vast as are the stores repre- 
sented by this thick and widely distributed bed of Durham salt 
(about one hundred million tons per square mile), the supply of the 
mineral is not absolutely unlimited, and that the interests of future 
generations as well as those of ourselves and our own immediate 
successors ought in a matter of this kind to receive due considera^ 
tion. 

In addition to acknowledgments already made, I am indebted 
either for valuable information or for references to Mr. Horace B. 
Woodward, F.G.S., Mr. Alfred AUhusen, M,I.C.E., Manager of the 
Newcastle Chemical Works Company, to Mr. John Harrison, Secre- 
tary of the Cleveland Salt Company, and to Mr. Kowland Gascoyne, 
F.G.S., of Mexborough. I am also specially indebted to Mr. W. J. 
Bird, Mining Engineer of Sunderland, for the section and loan of 
cores of the Seaton-Carew boring. 
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Appendix. 


Section of the Cleveland Salt Company's Boring at South BanJc, 
Eaton on Tees, 1885. 

ft. in, ft. i 

^ ( Made ground 6 O 

j ^ I Blue sandy Clay 10 0 

§ g; Dark brown Clay 7 0 " 41 ( 

H 1 Soft red marl 2 0 

^ ( Brown “ Pinnel ” 16 O > 

/ /'Bed marl 22 10 ^ 

^ g Bed and blue marl with veins of gj^sum 31 3 

^ ^ a Red marl with veins of gypsum 46 8 

^ S J and blue marl with veins of gypsum 16 3 ,453 ( 

^ Red and blue shale with veins of gypsum... 325 0 

« ^ Blue shaly Sandstone 2 O 

^ A Red Sandstone with thin beds of gypsum 

I ^ and shale 10 O . 


^ i 
\ 


Sandstone with thin beds of shale 

Red Sandstone 

Red Sandstone with thin beds of marl ... 

Red sandy Marl 

Red Sandstone 

Red sandy Marl 

Red Sandstone with thin beds of Marl . . . 

Red Marl 

Red Sandstones with beds of Marl 

Red Marl 

Red Sandstone with beds of Marl 

Red Marl with beds of red Sandstone ... 

Red Sandstone with beds of Marl 

Red Marl with Sandstone 

Red Marl 

Red sandy Marl with blue spots and veins 

of gypsum 

Red sandy Marl with thin veins of gypsum 
Red sandy Marl with veins of gypsum and 

blue spots 

Anhydrite 

Red sandy Marl with Salt 

Red Marl with Salt 

Rock-Salt 

Anhydrite with Salt 

Anhydrite 

Anhydrite and a little Salt 


11 0 
415 8 

39 0 

8 6 
29 0 

% 6 -^3 6 

34 6 

17 8 

138 7 


21 

11 


14 

6 


4 



43 

0 < 


42 

6 


78 

0 



► 282 

3 

80 

0 1 


11 



21 

0 


6 

3 J 


81 

0 81 

0 

1 



1 

6 1 28 

11 : 

25 

ll^J 



1679 8 ^ 
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Section of the Newcastle Chemical Works Co»s No, 1 Boring^ 
on the R, Tees^ opposite Middleshorottgh, 


g ;S 


4 

s' 

3 

'i 



''Peat and muddy sand 

Dark sandy Olay 

Sandy Olay 

Kunning Sand 

Hard-bound Gravel 

^ Bed “ Pinnel ” 

''Bed sandy Shale with gypsum 

Grey sandy Shale with ^psum 

Bed and grey Shale with gypsum 

Bed and grey sandy Shale 

Bed Sandstone : 

Bed Shale 

Bed Sandstone 

Bed Shale 

Bed Sandstone 

Bed Shale 

Bed Sandstone 

Bed Shale 

Bed Sandstone 

Bed Shale 

Bed Sandstone 

Bed Shale 

Bed Sandstone 

Bed Shale 

^Bed shaly Sandstone 

■ Bed Shale with beds of Sandstone 

Bed Shale with small blue joints and veins 

of gypsum 

Bed and grey Shale and gypsum 

' Grey Stone 

Magnesian Limestone 

Anhydrite gypsum 

White gy^psum 

- White Bock 

Magnesian Limestone 

Anhydrite-gypsum 

Dark grey Limestone with gypsum 

^ Magnesian Limestone and gypsum 


ft. 

10 

16 

19 

35 
7 

12 

85 

10 

29 

36 
314 

5 

33 

5 

46 

6 

47 

7 

79 

8 
29 

9 

35 

5 

43 

86 

60 

24 

68 

40 

5 

13 

11 

39 

3 

7 

20 


m. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

6 

0 

0 

0 

0 

6 

6 

6 

6 

0 

0 

0 


0 


ft. 


99 


783 


170 


207 


in. 


0 


0 


6 


6 


1260 0 


j^oTE. — ^No beds of Bock-Salt were found in this exploration. The oc- 
currence of gypsum and anhydrite in association with Magnesian Limestone in 
this Section is worthy of notice. 


Section of Messrs, Bell Bros^ Trial-Boring at Saltholme, 
near Port Clarence, Durham, 1874. 




( Soil 

Olay 

Dark Sand 

Clean Sand 

Bed Olay 

Sand and Gravel 
^Boulder-Clay 


Carried forward. 


1 6 ^ 

4 0 

7 6 

26 0 I 77 

3 0 

8 0 

27 0 J 


0 


77 0 
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Section of Messrs, Bell BrosJ TridUBoring (continued). 


ft. 

Brought forward 77 

( /Bed Marl 73 

Bed Sandstone with veins of Marl 144 

White Sandstone 1 

Bed Sandstone with veins of Marl 153 

Bed Sandstone 10 

Soft Marl 3 

Bed Sandstone 6 

Blue Vein 

Bed Sandstone 81 

, Bed Sandstone with veins of Marl 27 

® Soft Marl 4 

o Bed Sandstone 29 

Bed Sandstone with veins of Marl 49 

§ ) Soft Marl 6 

Bed Sandstone with veins of Marl 37 

Marl with blue veins of Sandstone 17 

^ Bed Sandstone with veins of Marl 66 

Blue vein 

Bed Sandstone with veins of Marl 13 

Strong Marl 9 

Bed Sandstone with veins of Marl 26 

Blue vein 

Strong Marl 6 

Bed Sandstone with veins of Marl 30 

Strong Marl and Sandstone 17 

Bed Sandstone with veins of Marl 16 

f Strong Marl 20 

Bed Sandstone and Marl 19 

Strong Marl with veins of Sandstone (> 

Strong Marl 23 

Strong Marl with veins of gypsum 7 

J Marl mixed with Sandstone 27 

Marly Sandstone with veins of gjrpsum ... 141 

Gypsum 4 

Hard white Stone 3 

. Gypsum 3 

Marly Sandstone, very salt 8 

oq" ^ Bed Marl decayed, with Salt 10 

C Bock-Salt, red 9 

-I B.ock-Salt, good 16 

w f Bock-Salt 48 

g /^Bock-Salt, Marl, and gypsum 35 

eS Shale, very soft, and gypsum 8 

°° 1 Gypsum and Limestone 12 

1 Limestone and much gas 45 

Grey “ Limestone ” 9 

Grey “ Limestone ” and gypsum 11 

Gypsum 2 

Gypsum containing Salt 1 

Bock-Salt 14 

r Marl containing Salt 2 

V Marl and gypsum 1 

( ( Impure Salt 1 


0 

0 

0 

0 )-lS6 


7 


5 

0 

0 

0 


1355 0 


go 
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/S^ec^tan o/ Messrs, Casehowme and MirdCs Triad-Boring at 
Seaton Carew^ near Hartlepool, 1888. 

ft. 

( Brown Olay 

! Bed Olay 

I Bed “ Pinnel and Oobbles 

Soft red sandy Marl 

[ Bed sandy Marl 

(" Bed and grey Sandstone . 

Bed Marl 


Ph 


ill 




5 




Grey Sandstone . 

Bed Marl with beds of Sandstone 


I ' 

1 


a 

M 

oi 

m 

s - 

Put 

tS 

□Q 


6 

6 

6 

12 

3 

7 

2 

5 

10 


Bed and grey Sandstone 36 

Bed sandy Marl 47 

Bed and gray Sandstone 10 

Bed Marl 15 

Bed Marl with bods of Bed and grey 

Sandstone 8 

Bed Marl with blue joints 35 

Bed Marl witVi beds of grey Sandstone ... 24 

Bed Marl with beds of grey Marl 33 

Bed Marl with blue joints 24 

Bed Marl with blue joints and veins of 

gypsum 178 

Anhydrite 13 

Blue Marl with veins of gypsum 3 

Anhydrite 1 

Bed Marl with veins of gypsum (A) 10 

Dark Marl and gypsum mixed 2 

Anhydrite, with black joints 25 

Magnesian Diniestone with spots of gypsum 27 

Magnesian Dimestone, light grey with 

spots and veins of gypsum 38 

Dimes ( one, dark grey with spots and veins 

of gypsum 16 

Dark blue Shale, “with small feeder of 

coarse black petroleum ” 3 

Anhydrite, with beds of dark blue Shale 

and gypsum 35 

Dimestone, light grey, and gypsum 7 

Blue Shale 2 

Light grey Limestone 11 

Limestone, white 90 

Limestone, hard white, and gypsum 12 

Limestone, dark grey, and anhydrite 20 

Limestone, light grey, and gypsum 18 

Limestone, light grey 29 

Limestone and gypsum mixed 31 

Limestone, grey and gypsum 11 

Limestone, light grey and gypsnm 33 

Limestone, light grey 50 

Limestone, light with spots of gypsum ... 45 

Limestone, white 107 

Limestone, light grey 23 

liimestone, pseudo-brecciated light grey (B) 23 

Limestone, light grey 9 

Limestone, light grey, with spar cavities . 9 

Ldmestone, light grey 7 

Limestone, white 82 


m. 

O 

O 

0 

o 

o 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

0 

o 

6 

o 

0 

o 

o 

7 

0 

0 


o 

0 

o 

0 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


ft. 


f 33 o 


117 0 


317 


54 


y878 


Carried forward., 


Q. J. G. S. No. 176. 


1260 O 
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Section of Messrs* Casehourne and Bird^s Trial-Boring (continiied). 


ft. in. ft. in. 

Brought forward 1200 0 

Limestone, light grey with a little gypsum 23 0 

Limestone, dark grey with gypsum 17 6 

Limestone, dark grey with spots of gypsum 59 6 

Details of boring up to date of paper, 


June 6, 1888. 

Further details from information since 
received. 

Limestone, dark grey 40 O 

w oQ ^ ^ ^ Q-rey and red Sandstones and black Shales, 

^ B ^ ^ ^ with one or two thin Ooal-scams, pene- 
^ w O S S trated to a depth of 361 ft. on 16tb Aug., 

O "" ^ “ 361 0 361 0 

1761 0 

(Proceeding.) 

(A) Horizon of Salt Bed. 

(B) Feeder of brine of strength 21°/o, quantity unknown, but persistent at a 
depth of 1150 ft. in the Magnesian Limestone. It is supposed by the Engineer 
to the boring that this brine drains from the Salt-bed in the Trias on the south. 

Note. — So far as Rock-Salt is concerned this boring was a failure, but for 
the brine, and in other directions possibly, it is thought the undertaking may 
be commercially remunerative. 

The Magnesian Limestone dips pretty re^larly at 3°. The Coal-measures 
have an inclination of about 6®. No fossils wore detected in the cores of 
Magnesian Limestone or of the New Red Sandstone. The occurrence of 
gypsum and anhydrite in considerable quantities, in association with the 
M^nesian Limestone, is a noticeable feature in this Section. 

Anedyses. 

Analysis of the Rock-Salt of Middlesborough 


Chloride of Sodium 96-63 

Sulphate of Lime 3*09 

Sulphate of Magnesia 0*08 

Sulphate of Soda 0*10 

Silica 0*06 

Iron Oxide trace 

Moisture 0*04 


100*00 

Analysis of fhe Rock-Salt from one of Messrs. Bell Bros.’ 
Saltholme Boreholes t. 


Chloride of Sodium 98*42 

Sulphate of Lime 0*21 

Chloride of Magnesium 0*12 

Water 0*10 

Red Clay 1*50 


100*35 

* Quoted from Mr. John Marley’s paper (Zoc. ezif.). 
t Quoted from Mr. W. J. Bird’s paper (fee. dW), 
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44. On the Horizontal Movements of Kocks, and the Relation of 
these Movements to the Formation of Dykes and Fattlts and to 
Denudation and the Thickening of Strata. By William 
Barlow, Esq., F.G.S. (Read April 25, 1888.) 

I PROPOSE to call attention to some horizontal movements of rooks 
occasioned by gravitation, the importance of which has, I believe, 
been almost entirely overlooked, and shall try to show that the great 
forces of denudation in many cases owe much of their power to 
Assuring and dislocation produced by these movements, also that to 
these movements is to be referred the production of dykes and 
faults. 

In fhe Grand Canon District of the American Union a wide 
expanse of elevated horizontal strata, some thousands of square 
miles in extent, has been denuded in such a manner as to display 
a succession of huge terraces or steps of successive strata, each 
terrace being terminated by a sinuous line of clilfs or abrupt slopes. 

Between the succeeding escarpments the strata dij) slightly from 
the crest of the one below to the foot of the next above. In the 
median parts of any given terrace the strata are very nearly hori- 
zontal and have inclinations scarcely exceeding one degree ; hut as 
we approach the escarpment of the next higher terrace^ the inclination 
increases to three or four degrees^ becoming a maximum at the hose 
of this wall. 

The cumulative elfoct of the slight dip thus displayed, which for 
the most part has a northerly direction, is that the top of a certain 
stratum, the Carboniferous, is more than 8000 feet lower at the 
north, below the toi)most terrace, than at the south, where it comes 
to the surface and forms a wide plateau, the lowest terrace. The 
difference in altitude between the highest and the lowest terrace is 
several thousand feet 

In the same district of horizontal strata the forces of denudation 
have removed the upper strata to a great depth over a large area of 
elliptical form, producing in this way a great hollow, many miles in 
diameter, enclosed by cliffs and known as ‘‘ The San Rafael Swell.’^ 
Here also tliere are indications of a slight elevation of the unloaded 
strata within the denuded space as compared with the continuation 
of the same strata where they are heavily loaded beneath the sur- 
rounding cliffs t. 

It has been suggested by Mr. Dutton that the phenomenon referred 
to is analogous to the action of creeping in deep mines ; and Mr. 
Clarence Ring, in reference to the subsidence of strata in the same 
locality, makes a similar suggestion 

* ‘ Tertiary Hist, of the Grand Canon District,’ C. E. Dutton, pp. 47, 70. 

t ‘ Geology of the High Plateaus of Utah,’ Dutton, pp. 18-21. 

X U. S. Geological Exploration of the 40th Parallel.— I. Systematic Geology. 
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The phenomenon of creep* may be defined as thc‘ thickening of 
the parts of beds from which a load of superincumbent rock has been 
lifted, caused by a thinning of the adjoining parts of the same beds, 
which continue loaded, some of the substance of the latter being 
squeezed out to furnish the material for the thickening. The offecte 
are, however, so extensively diffused that, although it is the hori-- 
zontal components of the motions of the rock-particles which alone 
determine the extent of a creep, it is the vertical components of 
these motions which alone force themselves on our attention ; thus 
Buddie tells us, “he has never noticed any tendency to a sliding or 
sideway movement in any subsidence of strata occasioned by tiie 
working of the coal, except the slight obliquity occasioned by the 
offbreak at the sides of the settlement where the strata are bent 
down and cracks formed f. 

If we regard the phenomenon recorded by Dutton as an instance 
of creep on a large scale, we must conclude that a lateral extension 
of the beds still remaining heavily loaded has taken place, and that 
a large mass of material has, somewhere below the surface, been 
squeezed out from beneath the cliffs. Further, the movement of 
this large mass must have produced a considerable horizontal thrust, 
which, as the process was no doubt very slow, and the lower ground 
at the foot of the cliffs of considerable extent, would be transmitted 
through the rocks underlying this lower ground to a very great 
distance. 

The effects of such a horizontal thrust are, in the cases referred to, 
and in most other cases where masses of rock are similarly bounded 
by precipices or steep slopes, hidden from view, but there are in- 
stances where they are to be traced. Thus many e\udent examples 
of plication traceable to horizontal thrusts produced by gravitation 
are to be seen in Glacial drift. 

And from the fact that comparatively small masses of rock have 
been able by their weight to squeeze up plastic Boulder-clays and 
soft sandy layers on which they rested into folds and contortions, we 
may fairly conclude that the unequal distribution of weight at the 
earth’s surface, due t. the presence of lofty cliffs and mountainous 
blocks, has been able during long periods of time to produce consider- 
able plication, even of the more intractable rocks, in the same way. 

It can scarcely be doubted that many instances of plication 
generally attributed to secular contraction of the earth’s crust are 
traceable to the cause I have named. This will especially be the 
case with subsidiary plications found on the flanks of mountains ; for 
wherever there are great inequalities of surface, rocks far beneath 
the surface and consequently having considerable plasticity, will be 
materially affected by the unequal distribution of the weight of the 
rocks above them, and will spread in the same way as the Boulder- 
clays referred to have done. 

It has been suggested that much of the contortion and upheaval 
of the later Tertiary rocks of the sub-BEimalayan zone has been 

♦ See • Student’s Elements of Geology,’ 2nd edition, p. 56. 
t Proo. Geol. 8oc. voL iii. 1842, p. 149. 
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caused by a partial sinking of the central regions, due to a reflex 
action, the protracted adjustment of equilibrium after the great 
mountain-features had been fully developed 

There is, I submit, another effect produced by the creeping move- 
ment of large masses of rock, where, owing to the presence of preci- 
pices or slopes, they are insufficiently supported on one or more sides, 
and it is one which I believe to be of considerable importance* 

In the description of a creep given by Lyell reference is made to 
the production of cracks in the pillars of coal left standing in mines. 
These cracks are generally quite close, but very numerous ; they are 
no doubt due to the strain induced by slight inequality in the 
yielding of the bed supporting the coal, and thus have a predsely 
Si milar ongin to the joints and fractures artificially produced by 
Baubrde in different substances which he subjected to undulatory 
movement by torsion, or to simple pressure f. 

Now the precipices of the Grand Canon district indicate in a very 
remarkable manner the presence of joints and fissures. Over and 
over again, in the descriptions given by the geological explorers of 
these regions, we come upon expressions of surprise and admiration 
at the extraordinary architectural forms into* which the cliff faces are 
carved and this is especially the case with regard to the higher 
cliffs §. 

These sculpturings are, we know, mapped out by the joints and 
fissures present in the sculptured masses jj, just as in a quarry the 
readiest way of working tho stone is determined by the positions of 
the joints and fractures. If therefore we conclude with Daubree 
that joints and fractures occurring in nature are due to small torsional 
movements taking place in tho rocks, we shall argue that some part 
at least of the effects referred to have been initiated by joints and 
fissures caused by creeping movements of the rocks due to their 
position in the faces of precipices, i. e. to their want of support on 
one side. 

An observation made by Mr. Dutton confirms this view, and seems 
to indicate that Assuring produced by the small horizontal movements 
of rocks thus situated has important consequences in facilitating 
denudation. Ho tells us that he has repeatedly noticed that whore 
a fault runs in a direction perpendicular to the trend of. a cliff, the 
recession of the cliff is less on the side of the downthrow than on 
the other side of the fault 

It is manifest that the higher the cliff the greater the superin- 
cumbent weight upon the rocks at its foot, and the greater the 
creeping movement and the jointing and fissuring consequent upon 
this movement. This jointing and fissuring weakens the rock and 

H. B. Medlicott,* Mem. Gteol. Survey of India/ iii. pt. 2, p. 174 ; and Quart. 
Journ. Geol. Soc. toL xxiv. p, 48. 

t G6ol. Exp6rim. (Daubree), Part 1, section 2, chapter 2. 
i ‘ Geology of the High Plateaus of Utah ’ (Dutton), p. 254. 

§ ‘ Tertiary Hist, of the Grand Canon District ’ (C. E. Dutton), p. 204. 

G6ol. Exp6rim.’ p. 324 ; and ‘ Tertiary Hist. Grand Canon District,’ p. 53. 

‘ Tertiary History of the Grand Canon District/ p. 200. 
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prepares it for degradation ; and therefore the above phenomenon 
observed by Dutton is what we ought to expect if the jointing and 
fissuring produced in this manner in the cliffs of the great terraces 
are appreciable 

I believe, then, that we have in this weakening effect of gravitation 
on rocks an important key to some of the peculiar features of the 
great erosion which has taken place in the plateau country of the 
American Union, and, indeed, that it is an important factor in the 
waste of almost all cliffs. I should not bo surprised if it were found 
to have a very appreciable influence in all cases of mountain denu- 
dation. 

From the consideration of the production of joints and small, 
comx)aratively superficial fissures by gravitation, 1 will now pass to 
the consideration of the production of extensive fissures by the same 
agency. 

Tn a landslip the spreading of some underlying bed, which has 
become plastic through the percolation of water, or from some other 
cause, drags apart the more solid intractable beds above, and produces 
fissures and fractures transverse to the direction of movement 

Familiar examples of fissuring j)roduced in this way are often seen 
in railway- cuttings made through clay, also on the verge of sea-cliffs. 
The horizontal movement which produces the open fissures is in these 
cases, as in the case of most large landslips, due to a squeezing and 
lateral extension of the material some distance below the surface, 
and the consequent dragging apart of the mass above. 

I suggest that most of the fissures produced in volcanic districts 
have a similar origin, and also that the same simple cause is the 
origin of trap-dykes. 

First, as to the production of fissures. Wherever a considerable 
body of molten rock exists below the surface, its own weight and 
the weight of the solid rocks resting upon it will together produce 
considerable hydrostatic pressure throughout the molten mass. And 
the rigidity of the crust not being perfect, some movement, slight 
or otherwise, of the molten matter will take place towards points 
where the sui)erincumbent weight is least — that is, provided there 
is not absolute equilibrium. 

Therefore if the ground-surface is much higher over the tract of 
molten matter than it is just beyond its limits, the molten rock will 
tend to spread by its own weight and that of the solid crust resting 
upon it. And as all rocks are more or less plastic, we may, in this 
case, look for some horizontal movement, small though it be, of the 
solid rock at the confines of the molten mass, and which is subjected 
to its thrust. 

* Dutton refers the phenomenon to the fact that those regions which have 
been elevated most have been most degraded by erosion ; but this explanation 
does not appear to account for the lower portions of the higher clifiPs having a 
greater rate of recession than the corresponding portions of the lower cliffs, but 
only for the ^eater erosion of the upper parts of the higher cliffs. Indeed, 
the lower portions of the higher cliffs are manifestly more protected from erosive 
agen^ owing to the greater amount of material which falls over them from above, 
t Dana’s * Geology,’ 3rd edition, p. 666. 
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Any such yielding of the solid rocks around to the pressure of the 
molten rook will tend to draw apart the solid crust resting upon it ; 
and thus if the crust is not too strong, we shall have the ground 
opening along Knes of weakness such as are produced by the presence 
of joints or other close fractures, and more or less extensive fissures 
will be formed. And in some oases, where there is any considerable 
adhesion of the crust to the spreading mass beneath, and the spreading 
is great in amount, the crust may be expected to break up into larger 
or smaller fragments, much as the ground-surface breaks up and 
separates in the case of landslips. 

In cases where the quantity of molten matter spreading is large, 
relatively to the thickness of the, solid crust, and the conditions are 
such that the mass spreads considerably in seeking equilibrium, the 
force operating to extend and rux>ture the crust will, it is evident, 
be both great and of long continuance. In all cases the degree of 
viscosity" of the molten matter, and the degree of plasticity of the 
solid crust, and the x)resence of joints and fissures will all bo impor- 
tant factors in determining what effects arc produced * * * § . 

Next with regard to the x)roduction of trap-dykes. When a large 
mass of molten matter is present near to the surface, and a fissure is 
produced in the manner referred to, the weight of the ruptured crust 
will, if the plastic mass beneath bo liquid enough, cause the latter 
to rise in the fissure, either as it forms or immediately after its 
formation. 

The view that the i)r eduction of the fissure precedes and is distinct 
from the extravasation of the matter forming the dyke, and that the 
latter is due to a relatively gentle hydrostatic force not capable of 
driving the lava into and through solid rocks, is supported by the 
fact that in many volcanic erux)tion8, lava flows out quietly and with- 
out explosive violence f ; also by the fact that a subsidence of the 
strata around volcanic vents, such as would follow the hydrostatic 
movement of the lava, is sometimes seen f;. 

Dutton tells us that “ a careful examination of the details of vol- 
canic eruptions leaves the iraiu’ession that they are pressed up by 
the weight of roclts which overlie their reservoirs, and that their ex- 
travasation is merely a hydrostatic x)roblemof the simplest order 

The rending of the rocks j)reparatory to the extravasation of molten 
matter has, according to the view I have submitted, commonly taken 
place with suddenness and on a largo scale. And I think we have 
evidence that this has been so in the case of many dykes, in the 
familiar fact that they generally take their course without regard 
to the irregularities in structure and disposition of the masses they 

* An instance of a large body of solid rock, which overlay molten rock, 
shifting in the manner suggested, is given by Mr. Dana : see his ‘ Geology,* 
3rd edition, p. 731. 

t Scrope’s ‘Volcanos,* 1872, p. 160. 

X Scrope’s ‘ Volcatjos,* 1872, p. 228. The formation of gases and heat-expan- 
sion of rock which occur beneath volcanic vents will, it is evident, operate to 
produce elevation of the crust ; and it is not therefore surprising that subsidence 
should be observed but seldom. Ibid. p. 226. 

§ ‘ Geology of the High Plateaus of Utah,’ p. 130. 
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penetrate, preserving wonderfully straight courses^, even across frao* 
tured and irregular strata, often for miles together. 

An observation recorded by Mr. Button relative to the situation 
of some volcanic vents seems to be confirmatory of the view sub- 
mitted above, that the presence of precipices or steep declivities has 
a weakening effect on the masses of rock which they bound, producii^ 
in these masses faulting and fissuring that greatly facilitate their 
degradation. Thus he tells us that basaltic vents oc^ very o^n 
upon the brink of cliffs of erosion, and never (within his obswvatlon) 
at the base of one ; often upon the top of the wall of a canon and 
never within the cafion itself, though the stream of lava often runs 
into the cimon ; and he instances ten large cones standing upon the 
very brink of the GTrand C^on which have sent their lavas down 
into it. And he also mentions, away from the Canon, a considerable 
number of craters upon the various cliffs near the Hurricane L^ge, 
and far to the north-eastward half a dozen upon the crests of the 
White diflfe. He states that out of rather more than three hundred 
basaltic cones of this region, he has noted thirty-three, or nearly 
eleven per cent., occupying such positions 

The fact of no vents being opened at the bases of the cliffs is quite 
in harmony with my views, for if the spread of the rock underlying 
the cliffs is producing a thrust against the crust lying near their 
bases, as I have argued it is, the tendency will be for this lateral 
pressure to keep fissures closed. 

If, however, the underlying mass of lava is of great extent, and 
the ground-surface beyond it much lower than the ground-surface 
above it, so that the spreading movement of the lava is general and 
considerable, the local effect just traced may bo partially lost in a 
more general one; the two walls of a canon may move bodily 
further apart and produce a fissure within it, the site of the canon 
being a line of weakness. 

Even in this case, if the movement takes place gradually and 
slowly, it is possible that the local effect just referred to would keep 
the bottom of the newly forming vent closed, and prevent the 
extravasation of lava within the carion. 

An interesting case of a volcanic eruption on the verge of the 
Grand Canon of the Colorado recorded by Mr. Button may be referred 
to in support of my views. On the south side of the canon a lateral 
gorge or amphitheatre is excavated in the chasm-wall, very nearly 
as deep as the main abyss. At the sxunmit of the wall of the inner 
chasm, just at the angle which it makes with this lateral gorge, a 
ruined basaltic crater stands upon the very brink, the dyke through 
which the lava came up and several neighhouring dykes being seen 
projecting ftom the face of the wall of the lateral gorge throughout 
a depth of half a mile. The strike of all these dykes is parallel to the 
river, showing a probable connecdon between the position of the river 
and the formation of the dykes. The presence of some remnants of 
tufar-heds several hundred feet down indicates that the subsidiary 


* * Geology of the High Plateaus of Utah ’ (Dutton), note, p. 203. 
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chasm must have had some considerable depth when these dykes 
were formed*. 

The uniform width of dykes throughout such great heights as 
are attained by those just mentioned t is manifestly a serious 
difficulty in the way of theories of dyke-formation which suppose 
the fissuring to have been caused by upheaval. It is almost equally 
incompatible with any theory of fissuring by the pressure of the 
intruded rock, supposed to act as a wedge ; for surely the di^lace^ 
ment of the material of a solid rock caused by the forcible inibrusion 
of a thick mass of trap into the lower part of it would, produce 
some torsional movement of the masses wedged apart, eveu 
posing it ffid not cause any upheaval ; and if there was a movemeht 
of this kind, how was the parallelism of the sides of the dssure 
preserved? 

Again, the suggestion that the production of dykes proceeds from 
the drawing apart of the solid crust by a stretching force is in 
harmony with the fact that the deeper fractures from which igneous 
flows take place have occurred where there was little folding, and 
the more of the one, the less of the other. In the Appalachians, 
where we find indications of great lateral compression, no such 
outflows are knownj. 

While, however, the bending of strata is not the immediate cause 
of the Assuring which has produced dykes, it is evident that in many 
cases it may be the cause of fractures or joints, which afterwards are 
converted into fissures by the spreading of underlying molten matter 
in the way suggested §. 

That the body of trap injected is, in some cases, relatively so large 1|, 
is no difficulty in the suggested explanation. Where this is so we 
shall argue the presence of a large mass of molten matter beneai.h 
the crust at the time of the injection, and a large spreading 
movement of this mass. 

It is, however, otherwise with theories of fissuring by contraction. 
For where numerous cracks or fissures are produced iu a substance 
by unequal contraction duo to unequal cooling, they always have a 
relatively small magnitude ; and to account for large dykes in this 
way it is necessary to make some additional supposition, such as, 
that the molten matter exerts hydrostatic pressure laterally — a 
supposition very difficult to allow, when we find no effect of such a 
pressi^e in an upward direction, that is, in what is generally the 
direction of least resistance. 

Most, if not all of the effects which I have thus far endeavoured 
to connect with horizontal movement produced by gravitation are 
displayed in a x)articularly instructive manner in the singular group 
of mountains in the Plateau Province of the American Union ^own 
as the Henry Mountains. 

* Tertiary Hist, of the Grand Canon District, p. 95. 

t See also Scrope’s ‘ Volcanos,’ p. 166. 

f Dana’s ‘ Geology,’ p. 791. Dana says that a lateral pull rather than a lateral 
pressure is apparently required for the origin of some dykes. Ibid. p. SOS. 

§ Dana’s ‘ Geology,' p. 803. 

I See Maooullocb, ^System of Geology,’ i. p. 110. 
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The elevations of the earth’s crust which form these mountains 
are the outcome, on an exceptionally large scale, of the common 
phenomenon of lava penetrating hut part way to iht,' surface in 
dykes, and then ditfusing itself between the beds and forming 
subterranean lakes or deposits of lava. 

In this case very large deposits were formed, the intrusion of which 
lifted great tlucknesses of superincumbent strata, and x>roduced 
huge dome-shaped elevations of the otherwise nearly horizontal bods. 
These very regular protuberances were afterwards carved by 
denudation iuto rugged outlines of ridge and canon. 

The chambers occuj)ied by the intruded trachyte are in some 
cases over three thousand feet high. The}’ have in each case been 
made along a shaly layer in the formation where the cohesion was 
least*. Thej’^ occur at different levels in the strata, and the lowest 
in geological position is 4500 feet below the level of the highest. 

Large as is the scale on which the effects have been jiroduced, it 
does not appear necessary to attribute them to the action of any 
other force than the force of gravitation acting in the manner I have 
already described. 

Thus, first with regard to the frequent phenomenon of dykes 
stopping short before they reach the surface, a phenomenon of which 
we have here such important examples. 

In most cases where a body of molten rock spreads and produces 
dykes the solid rock immediately over the liquid mass will experience 
the lateral pull first, and thus the vertical fissures which receive the 
molten rock will begin to o'Pen from below. And in cases where the 
upper strata are more plastic than the lower, or where they form an 
elevation on the surface, and thus are less completely attached to the 
rocks around them, it will often happen that, while the lower strata 
of the solid crust are fissured, the upper strata will make sufficient 
movement with respect to the lower to avoid rupture. 

It would seem that the whole district about the Henry Mountains 
has experienced i, force which rui^tured the lower strata and 
extended the upper strata without breaking them. Thus Mr. Gilbert 
says respecting this district t : “It seems as though the crust of the 
earth had been divided into great blocks, each many miles in extent, 
which were moved from their original i)Ositions in various ways. 
Some were carried up and others down, and the majority were left 
higher at one margin than at the other. But although they moved 
independently they were not cleft asunder, the strata remained 
continuous, and were flexed instead of faulted at the margins of the 
blocks ” t. 

And further on the same writer adds : “ It has been the opinion, 
not only of the wrriter, but of other students of the disjAacements of 
the West, that the ordinary sedimentary rocks, sandstone, limestone, 
and shale are frequently elongated as well as compressed by orographic 

* ‘ Geology of the Henry Moimtains,’ by G. K. Gilbert, p. 58. 

t Ibid. p. 11. ^ 

t The mountains stand within the province of the great fle:Kures, but are 
independent of them. 
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move ments, and that this takes place without any appreciable 
metamorphosism ; but it is difficult to find opportunity for the 
demonstration ot the phenomenon by measurement. . . . Of the 

unfractured quaquavcrsals of the Henry Mountains there is one 
which combines all the essentials of a crucial case. The * Ijesser 
Holmes’ arch is nearly isolated ; ou three sides it rises from the 
undisturbed plateau, and on the fourth it joins a similar but 
fractured dome. The major part of its surface is composed of one 
bed, the Vermilion Cliff Sandstone, broken only by erosion. 
Comparing the length of this bed in its present curved form with 
the 8i)ace it must have occupied before it was upbent, I find that in 
a distance of three miles it has been elongated 300 feet 

Second, as to the diffusion of lava between some of the beds which 
have been penetrated. 

This may evidently bo attributed to the lava having a less specific 
gravity than that of the strata which it penetrated, and to a lack of 
x?ohesion between some of the invaded layers which allowed portions 
of strata that were weakened by vertical fissuring to break away 
from the better-supported rock above, and gradually to bend down 
while the liquid lava passed into the horizontal rift which was thus 
forming. 

Third, as to the elevation of the upper crust to form protuberances 
on the surface. 

If the fissures had extended through the crust, the lava would 
have passed up, and, having a specific gravity less than that of the 
crust, would have welled out over the surface. 

Now, suppose a very thick layer of plastic extensible clay had lain 
at the surface, and that the fissures formed extended through all the 
strata except the clay. The lava would in this case also have 
welled up, though while the clay remained unbroken it would not 
reach the surface, but would push up the clay ; and it would 
continue to act thus until the hydrostatic pressure downwards, 
through the fissure, of the accumulating lava and the clay resting 
upon it balanced the hydrostatic pressure upwards caused by the slow 
sinking of the fissured crust. 

The same line of argument manifestly applies to any case in 
which, as in that under notice, the upper crust is sufficiently 
flexible to yield to the pressure brought to bear ux^on it. 

The reason why, in the Henry Mountains, the crust yielded in 
such a way as to produce the wonderful effects recorded is because in 
that particular spot the lava became very extensively diffused in 
wide sheets between the layers of strata. For we see that an 
exceptionally great diffusion of lava in this way must inevitably 
expose large surfaces to upward pressuref, at places where the solid 
crust has less thickness and therefore less resisting power than in 
the region around. 

I w^ now call attention to some phenomena seen in these 

* * Geology of the Henry Mountains/ p. 80. 

t As Mr. Gilbert remarks, the action of the liquid lava was exactly that of 
the water in a hydrostatic press. See ‘ Geology of the Henry Mountains/ p. 96. 
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mountains which I attribute to horizontal movements such as I have 
above treated of. 

The very shape of the lava-deposits formed within the strata 
suggests that they have spread by their own weight and the weight 
of the superimposed crust. Circular or elliptical on plan, they are 
nearly flat in the middle, and curve down more and more rapidly 
towards the circumference*. Thus they have much the form taken 
by a drop of viscous fluid placed upon a level surfacef. 

Dykes rise from the upper surfaces of the deposits. These are 
largest and most numerous about the centre, and the largest of them 
mostly radiate from the centre outward. Where numerous they 
reticiuate J. 

This predominance of the dykes in the axial regions of the lava 
masses, a well-known phenomenon in volcanic mountains, is possibly 
due to the crust experiencing most strain where most motion of the 
molten matter beneath takes place, the spread of the molten matter 
facilitating the spread and rupture of the crust resting upon it. 

Another phenomenon pointing in the same direction is {hot faults 
are present in some cases which are subordinate phenomena of the 
uplift. They are restHcted to its central portion, and never occur so 
far from the centre as the zone of maximum dip of the domed strata. 
The strata of the upper part of the arch are in this case divided into 
a number of prismoid blocks, which stand at slightly different levels. 
All or nearly all of the fault-planes are occupied by dykes of 
trachyte §. 

Purther, the horizontal movement of some layers of strata on 
others is proved by the fact that in a number of instances the dykes 
are as even upon their upper surfaces as an artificial stone wall, the 
flat top of the dyke butting against an unbroken stratum of rock 
which bridges across it, and being parallel to the bedding of the 
enclosing strata. In one case a converse phenomenon is seen. A 
great dyke forms the crest of a ridge for half a mile, its base being 
buried in sandstone, and at the end of the ridge the strata are seen 
to be continuous beneath the dyke||. 

Then there is a fact which we may refer to the presence of joints 
or close fissures caused by small horizontal motions of the parts of 
the strata. The denudation has been far greater where the strata are 
uplifted to form the mountains than in the region around. Thus, 
while from the base of the arch of one of the mountains 3500 feet of 
the Cretaceous and from 500 to 1500 feet of the Jurar-Trias series 
have been removed, from the summit of the arch more than 2500 feet 
of the latter have disappeared. In cases where the lava deposits are 
so deep that the denudation has not laid them bare, the arched 
sedimentary rooks of the uplift have often been eroded down to 

♦ * Geology of the Hen^ Mountains/ p. 56. f IhiA. pp. 20, 23. 

t Many mountain uplifts have this form, e.g, the Uinta Mountains, 

the Kaibab Plateau, and the Black Hills of Dakota. Bee Geology of the Black 
Hills of Dakota,* p. 207. 

* Oreology of the Henry Mountains,* p. 23. 

Ibid, pp. 28, 34. 
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substantially the same level as that of the surrounding plain, the 
mountain originally formed having quite disappeared 

The source of additional jointing and fissuring which would 
account for the greater rate at which these uplifted rooks have been 
disintegrated is evidently to be found in the lateral strain and 
stretching to which over a long period they were subjected. Some 
increased weakening will also have been caused by the presence of 
precipices and steep slopes in the way before explained. 

If the production of fissures by horizontal movement, unattended 
by upheaval, has been as common an occurrence as the foregoing 
would lead us to conclude, it may, I think, bo fairly questioned whether 
sufficient prominence has of late been given to the influence exerted 
by it in determining the directions taken by rivers and streams. 

The opening of a very narrow fissure across the bed of a river 
might suffice to initiate the complete diversion of the course of the 
water, and, in cases where no faulting or upheaval accompanied the 
fissuring, there would commonly be no evidence to betray the origin 
of the diversion. 

Unfilled fissures have often been produced concurrently with 
dykes in modem times, and must have been frequently produced in 
the past. And we have in some cases a correlation of the locality 
and direction of dykes and the direction of watercoursest pointing to 
a common or connected origin. 

Moreover, I have suggested that the existence of elevated ground 
over plastic rock causes the spread of the latter to be more con- 
siderable on account of the greater weight pressing upon it, so that 
Assuring by this means wiU commonly have been more prevalent 
among mountains and elevated lands than elsewhere. And this 
would furnish an explanation of the well-known fact that gorges, 
ravines, and canadas are found in every high country, and also go far 
to account for the great number of cases of rivers intersecting 
elevated and isolated rocks. 

In harmony with this explanation, we find that the examples of 
rivers whose courses are thus out of conformi1;y with the features of 
the land-surface and also with the dip of the strata are most 
numerous in countries where dykes and other traces of the presence 
in the past of very plastic or fluid rock near the surface are found. 

Thus, in the country of the great canons in North America we 
have innumerable instances of want of conformity between the 
courses of considerable streams and the contour of the ground- 
surface and the dip of the strata:!:, and in the same district we have 
a recurrence over wide areas of similar and evidently related 
phenomena of faulting and contortion, which indisputably proves 

* * Geology of the Henry Mountains,’ pp. 26, 33, & 35. 

t In SootTand, for instance. 

I * Tertiary Hist, of the Grand CafLon District’ (O. E. Dutton), pp. 2, 49, 60, 
73, 201, 203, 204, 220 ; and * G^olognr of the High Plateaus of Utah,’ pp. 17, 257. 
Report of the U.S. Geological and Geographical Survey of the Territories, 
Oomrado, &c., 1876, pp. 62, 64 ; * Geology of the Black Hills of Dakota,’ p. 216, 
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that large tracts of the earth’s crust have in this district experienced 
related movements, and points to a liquid or very plastic state of 
the underlying rocks at the time. The probability that separation 
by strain has in many cases initiated the diversion of rivers in the 
Western States has been recognized by some American geologists*. 

Other explanations of the want of conformity referred to appear 
to me to involve very serious difficulties. Take the supposition that 
the Plateau-region has been elevated so slowly that the corrasion of 
the Colorado River has kept pace with it, and that, in this way, the 
position of this river has remained constant, while the ground- 
surface has been changed and new structural features created by the 
movement of the rocks. To this there is the following important 
objection. However slow the rate of elevation of an uplift, there 
must be some effect from the lessening of the gradients of the 
watercourses where they are approaching the uplift, and from the 
steepening of the gradients where they arc leaving it, and con- 
sequently, in the ease referred to, diminished erosion should be found 
on one side of the uplift and increased erosion on the other, and 
the modification of the bed and banks of the stream resulting from 
this distribution of force should be apparent. 

Now whatever uplift has taken place has, in the main, taken 
place without materially affecting the horizon tali ty of the strata, 
consequently it is only where the river leaves the elevated tableland 
that any increase whatever in the fall of the river can be supposed 
to have been directly produced by the uplift, and the extreme erosion 
should, it would seem, if this were the explanation, be confined to 
this end of the river. 

The facts that the river has sunk its bed deep into the strata 
throughout the whole length of the elevated tract and that steep 
gradients are not at all confined to its lower end prove, I submit, 
that, whatever the explanation, it is not this. 

If when the uplift, which has raised the Plateau-region to its 
present altitude, began, the Colorado river was peacefully meandering 
along a nearly level surface of horizontal strata since cut away by 
denudation, it appears to me that any such elevation as that which 
has taken place must, however slowly it occurred, have diminished 
the rate of fiow of the river and have converted it into a succession 
of sluggish pools, and finally have dammed it back and obliged it to 
take a new course f. 

If, on the other hand, the course of the river was marked out by 
the opening of a fissure by horizontal strain, one can see how the 
weakening of the rocks bordering the x)recipices by the creeping 
movements to which I have called attention would pave the way for 
rapid erosion J. 

* Report Geological and Geographical Survey of Colorado, 1874, pp. 105, 
193, 201, 220, and 227 ,* and Report Idaho and Wyoming, 1877, p. 65. 

t A very slight movement of the rocks is often sufficient to change the course 
of a river. It requires a movement of a few feet on^ to change (he outlets of 
Lakes Michigan, Huron, and Superior from RlinoiB River to the St. Clair. 

X See * Geology of the High Plateaus of Utah,* p. 37. 
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In the same way I attribute to this weakening of the rocks by creep 
the formation of hramih canons^ the creeping movements working 
back into the rocks from every new precipice as it is formed* * * § . 

Next, just a word as to the formation of faults. It appears to me 
that, as reverse faults are admittedly due to horizontal compression, 
so faults of “ normal hade should be attributed to horizontal 
extension. For if, when a fissure is formed in the way I have 
explained, the rock on one side of the fissure overhangs, there will, 
on account of the greater weight pressing on the plastic material 
beneath on this side, be a subsidence of the rock on this relatively 
to that on the other side of the fissure. The movement will generally 
go on until, by the shifting which takes place, the fissure is closedt, 
and, if the spreading or extension is continued for a long period of 
time, so as to allow the complete plasticity which all rocks ultimately 
manifest to come into play, I think most, if not all, of the peculiarities 
of this kind of faulting could bo readily accounted for. 

A few words in conclusion with reference to the extent of that 
horizontal compression of the earth’s superficial crust which is seen 
to have been extensively associated with the elevation of mountain 
ranges, and which reveals itself by greater or lesser folds and con- 
tortions of the strata 4:. 

In making the familiar comparison between a bale of cloth folded 
and puckered by lateral pressure and crumpled, stratified, or lami- 
nated rocks, it has sometimes been overlooked that, while in the one 
case, the length of the cloth after it has been puckered is the same 
as when it lay flat, so that the extent of the compression can be 
easily estimated from the curves i)roducod, this is not so in the case 
of folded rocks, as concurrently with the bending of the layers some 
amount of plastic thickening or thinning takes jflace. 

The evidence of this partial plasticity is found in differences in 
the thickness of contorted layers of strata, depending on the direction 
into which the lines of bedding have been forced. Jhis is well shown 
in an interesting section figured by Sorby §. 

In weighing the evidence of thickening afforded by such a section, 
it should moreover be remembered that in the early stages of the 
deforming process, while the curving was inconsiderable, the con- 
torted layers must have suffered thickening throughout their entire 
length, and not only at the vertices of the curves, and further that 
this early stage must have been protracted owing to the resistance 
to the deformation being greater at first. 

I submit, then, that wherever folds or tiltings and displacements 
have been produced in stratified rocks by lateral pressure, very great 
thickening of the strata has taken place, particularly in the early 
stages of the disturbance, before the puckering became considerable ; 

* See ‘ Tertiary Hist, of the Grand Canon District,’ p. 02. 

t The closing of the fissure will, no doubt, be accelerated by the spreading of 
the rook in which it occurs caused by gravitation. 

1 See Dana’s * Geology,* 3rd edition, p. 786. 

§ H. O. Sorby, “ On Origin of Slaty Cleavage,” Edin. New Phil. Journ. vol. 
Iv. 1863, p. 139. 
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and, consequently, that the lateral compression has been very far 
more than the curving taken alone would seem to indicate ; and 
this especially applies to large folds. 

Again, as to the extent of the lateral compression of strata in 
cases where it is not associated with any contortion, but is revealed 
by the deformation of the contained fossils *, I would remark that 
for the deformation of a fossil organism to furnish a measure of the 
amount of thickening which the deposit containing it has undergone, 
the organism must at the time it was subjected to the strain have 
been as plastic as the deposit, a condition which, perhaps, will but 
seldom have been fulfilled in the case of organisms durable enough 
to insure their good preservation in the fossil state. 

That fossils do resist the deforming influence exerted by the thick- 
ening of the deposit containing them is evidenced by the well-known 
facts that thicker and harder shells are not found deformed where 
thinner shells, Algoe and Trilobites, associated with them in the same 
formation, have suffered deformation t, and that sometimes particular 
organisms are found less distorted in bods of one kind than in beds 
of another at the same spot 4:. 

Again, where no contortion of the strata, or deformation of fossils, 
affords evidence of lateral compression, we frequently have an indica- 
tion of its occurrence in the simultaneous thinning of a series of 
different strata in the same direction, and that whether the conver- 
gence of the surfaces separating the strata is only slight or very 
great, as in the well-known fan-shaped structure often displayed in 
mountains. 

For I submit that for a series of superimposed deposits to be 
originally laid down all having their thickness increasing in the same 
direction, would seem to involve that during the whole period of 
their deposition the position of the shore-line continued nearlj^^ the 
same ; and that, as this seems untenable, we must suppose that, 
generaUy, deposits thus related have been thickened up at one 
place, or thinned out at another, since their deposition. And the 
only agent we know of, adequate to produce this effect on a large 
scale, is lateral compression. 

The thinner as well as the thicker parts of the deposits will 
generally, it is manifest, have been thickened in the process. 

These conclusions appear to me to have some interest and import- 
ance, because the thickness of deposits is very generally regarded as 
furnishing a clue to the length of time which was taken to form 
them. If they are sound, we must, I think, conclude that most 
indurated and disturbed strata have suffered considerable thicTcening 
by lateral compression since their deposition. 


* See Dana’s ‘Geology,* 3rd edition, p. 98. 

t “Beporton Cleavage and Foliation,” John Fhfllips. Brit. Assoo. Bep. 
1866, p. 386. 

I Sharpe, “ On Slaly Cleavage,” Quart. Joum. Geol. Soc. vol. iii. 1847, p. 77. 
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45. On the Eozoic and Pal.^zoic Rocks of the Atlantic Coast of 
Canada, in Comparison with tho^^e of Western Europe and of 
the Interior of America. Ry Sir J. William Dawson, K.C.M.G., 
LL.D., F.R.S., &c. (Read May 23, 1888.) 

Since the year 1845 the author has contributed from time to time 
to the Journal of this Society more than forty papers on the 
geology of Nova Scotia, New Brunswick, and Prince Edward Island, 
in which frequent comparisons were made between the rocks and 
fossils of the Atlantic coast-region and those of the inland plateau 
of the North- American continent on the one hand, and those of 
Europe on the other Many additional details bearing on the more 
uncertain parts of these sub jects have been accumulated in unpub- 
lished notes in recent years, while large additions to our information 
have resulted from the extension of the Geological Survey of Canada, 
under Logan and Selwyn and their assistants, to those provinces, 
and from the Geological Survey of Newfoundland under Murray and 
Howley t, while new facts have been accumulating with reference to 
the continuation of the Atlantic rocks southward on the coast of the 
United States, and also with regard to the intermediate or “inner 
marginal ” series observed on the Lower St. Lawrence and thence 
southward. The time seems thus to have arrived when some 
further and useful comparisons may be made, as well as corrections 
and amplifications of previous statements ; and those seem to bo the 
more necessary, inasmuch as it is evidently difficult for geologists 
who have not personally studied these districts to correlate with 
accuracy the geological features of the marginal belts of the two 
sides of the Atlantic. 

The subject is, however, so extensive that within the limits of 
this paper it will be necessary to confine attention to the most sa- 
lient points, and to state these as briefiy as possible. I shall also 
confine the descriptive part to the rocks of the Atlantic border of 
North America, especially of Canada, and shall merely mention the 
parallel formations of other districts. 

It may be useful to explain that I shall use the terra “ System 
for the larger divisions of the great geological ages, and “ Series for 
their most important subdivisions, and the term “ Group in its 
ordinary sense as indicating a number of associated beds without 
reference to precise classificatory value. 

* I find that, of forty-three papers on the Geology of Canada which I have 
contributed to the Society’s Journal, ten are on subjects connected with the 
Eozoic and older Palaeozoic rf»cks, twenty-nine relate to the Devonian and 
Carboniferous, and four to the Mesozoic and Modem. 

t Though Newfoundland is not, politically, a portion of Canada, it is neces- 
sary to include its geology in anv general survey of that of the Canadian coast. 

Q. J. G. S. No. 176. 3 g 
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I. The Latteehtiae System. 

It is, I think, becoming more and more evident that in every 
part of the world the oldest rocks exposed are of the nature of ortho- 
dase-gneisses associated with various kinds of crystalline schists, 
and locally with quartzites and limestones. This statement applies 
with equal force to the Acadian Provinces of Canada and to west- 
ern Europe. In these districts, however, the old Laurentian sub- 
stratum is represented, not by great continuous areas, as in the 
interior of North America, but by rugged islets and ridges of 
cr^'stalline rock, in most places so imperfectly exposed that their 
subdivisions can scarcely be made out, and that geologists may even 
be excused for doubting the stratified character of their rocks. It 
is only by comparing them with the magnificent series exposed in 
the country north of the St. Lawrence, and worked out so ably by 
Logan, that the more limited exposures of the Atlantic margins can 
be understood. 

In the Journal of this Society for February 1865 will be found a 
summary statement by Logan of the structure of this formation, which 
still holds good*. He there divides the Laurentian into two series, the 
lower and the upper, the former largely composed of othoclase-gneiss, 
but with beds of limestone, quartzite, and micaceous and hornblendic 
schists in its upper parts ; the latter composed of similar gneisses 
and limestones, but with beds of gneissose anorthosite and lab- 
radorite, and great masses of coarsely cleavable labradorite and 
hypersthene. 

It is perhaps unfortunate that these last masses, many of them, no 
doubt, accidental and intrusive, so forcibly attracted the attention of 
Logan that he characterized the upper Laurentian as a labradorite 
series, whereas the true aqueous rocks of this series would afford 
better terms of comparison with other districts than merely igneous 
masses or beds. A similar objection, I think, applies in some degree 
to the name Norian, as more recently given by Hunt ; and I have no 
doubt, from my own observations in the typical districts, that Logan’s 
division must stand, though perhaps it would be well to separate the 
lower gneiss from the remainder of his Lower Laurentian and to re- 
cognize a Lower, Middle, and Upper group, all of which are distinctly 
crystalline rocks t. The upper member, as developed in the west, should, 
I think, include some of the crystalline rocks which have been classed as 
Huronian, and which seem to fill part of the gap between the latter and 
the Lower Laurentian in the regions further east ^ . This view will in 

* “ On the Eozoic and Palseozoio Rocks.” 

t The two principal members have been named respectively the Ottawa and 
Grenville series. The third, or upper member, in Logan’s typical district has 
been separated as the Norian series by Hunt ; and by Selwyn (Reports Geol. 
Survey of Canada, 1879-80) is regard^ as mainly composed of igneous rocks. 
In the maritime Provinces, as we shall see, only two members have been recog- 
nized. 

+ Dr. Bigsby, On Lake of the Woods,” Journal of Geol. Society, 1851-2 ; Dr. 
G. M. Dawson, Report on 49th Parallel, 1875 ; Mr. Lawson, Imports Geol. 
Survey of Canada, 1885. The latter has proposed the name ** Keewatin ** for 
•ome of these rocks in the west. 
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Bny case afford better means of comparison with the Lauren tian of other 
districts, and the occurrence of masses of binary granite and syenite 
in the Lower group and of labradorite in the Upper need not inter- 
fere with such comparisons, though it is to be observed that in the 
Upper member plagioclase felspars are much more abundant than in 
the Lower. Prof. Bonney has some very judicious remarks on this 
in his Anniversary Address before this &ciety in 1886. 

Whatever views may be entertained as to the origin of these old 
rooks, no one who has studied the typical districts of the Ottawa 
Biver can doubt for a moment that they are regularly bedded de- 
posits, and that in the middle Laurentian those conditions which in 
later periods have produced beds of limestone, sandstone, iron-ore, 
and even of coal, were already in operation on a gigantic scale *. 
At the same time it may be admitted that some areas of the lower 
gneiss may be cooled portions of an original igneous mass, and that 
many of the schistose rocks may be really bedded igneous materials. 

Turning now to the Atlantic coast, the greatest area of Lauren- 
tian rocks is that forming the nucleus of the Island of Newfoundland. 
In the northern part of that island the absence of the great crystal- 
line limestones would seem to indicate that the lower member of the 
series alone is represented. The same remark applies to the contin- 
uation of the formation in the south of the island, with the exception 
that indications of graphitic limestone and of magnetic iron-ore have 
been found in two places f. 

It is to be noted here that the great uplift in Pre-Cambrian times of 
the Laurentian nucleus of Newfoundland seems to have acted as an 
outwork to the formations to the westward, protecting the area of 
the Gulf of St. Lawrence from those thrusts from the eastward 
which have piled up in gigantic earth-waves the older formations of 
other parts of Eastern Canada and the Appalachian region. In con- 
sequence of this the area of the Gulf of St. Lawrence has throughout 
Palaeozoic time remained undisturbed, and has conformed in its con- 
ditions of deposit rather to the internal plateau than to the maritime 
districts. 

In Cape Breton the isolated mass of St. Ann’s Mountain seems to 
• be a representative of the Lower Laurentian of Newfoundland, and 
Mr. Eletcher’s observations render it probable that rocks of this kind 
exist in the northern extremity of the island. In Nova Scotia proper 
I have not been able to recognize any true Laurentian, the rocks 
attributed by some other observers to this age being, in my judgment, 
intrusive granite masses of much later date associated with altered 
rocks t. 

In southern New Brunswick, however, the Laurentian reappears. 
As seen near St. John, the lower part consists of red and grey gneiss 
with chloritic gneiss and diorite. The occurrence of hydrated silicates 

* Q. J. C. S. vole, xxiii., xxv., xxxii., xxxv. In these papers I have set forth 
not merely the evidence for the organic character of Eozoon^ but for that of 
the Laurentian limestones and graphites and phosphates in general. 

t Murray’s ‘ Geol. Survey of Newfoundland/ 1881. 

t Supplement to Acadian Geology, 1878, p. 89. 
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in. some parts of these old gneisses may be attributed to changes sub- 
sequent to their original formation. The upper member contains 
much limestone, with graphite and serpentine grey quartzites and 
diorite. This last series, which I hold to be really Laurentian, as 
it certainly underlies, and probably unconformably, the Huronian 
system, must belong to the upper member of the series. There is, 
indeed, nothing in its mineral character to exclude it from the Upper 
Laurentian as developed further west except the absence of certain 
igneous rocks. 

The resemblance of this interrupted belt of Laurentian along the 
Atlantic coast of America to that which extends southward from 
Scandinavia along the west of Europe is patent to every observer. 
The relation to the next succeeding formations is also identical, and 
on both sides of the Atlantic those great foldings which have bent 
and crumpled the old crystalline rocks seem to have occurred at the 
close of the Laurentian and before the next succeeding formation. 
It is to be observed here, however, that in the case of the Laurentian 
these foldings pervaded the whole of what are now the Continental 
areas, as well as those marginal Hnes which were alone affected by 
the succeeding movements. This general disturbance of the Lau- 
rentian over the whole breadth of our continents, and this before 
any of the succeeding beds were deposited, impresses us with the 
conviction that the earth-movements immediately following the 
Laurentian wore more extensive than those of any subsequent 
period, that they form a sufficient explanation of the very different 
character of the next succeeding formations, and that they produced 
wide areas of elevated rock which formed the nuclei of all later de- 
positions and movements. 

In comparing the Upper Laurentian of New Brunswick with the 
rocks which elsewhere, as in New Hampshire the district of St. 
Jerome, the Madoc district in Ontario, and the country west of Lake 
Superior, rest on the older Laurentian gneisses or on rocks regarded 
by some as primitive granites, one is obliged to admit either that 
this formation is of a somewhat protean character, or that, as Hunt 
maintains, there are several different formations of post-Laurentian 
crystalline rocks occurring in these different localities. 

In the Lewisian gneiss of Murchison we have in Britain an ade- 
quate representative of the Lower Laurentian, and in the two members 
of the Dimetian of Hicks a sufficient parallel to the middle and 
upper members of this great series J, which undoubtedly also appear 
in the isolated mass of the Malvems, and have been recognized by 
Barrois and Bonney in the ancient crystalline rocks of Brittany §. 

* In this limestone there occur fragments of Eozoon, and the graphite shows 
obscure fibrous structures. 

t Hitchcock’s Report. The beds called Montalban by Hitchcock occupy this 
position. 

t Hicks’s “ Classification of Eozoic and Lower Fahcozoic Rocks,” Popular 
Science Review, 1881. 

S Bonney, Quart. Joum. Geol. Soc. vol. xliii. 
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II. The Hdronian System. 

In the typical area of Lake Huron, as originally described by 
Logan and Murray this system rests unoonformably on the Lower 
and Middle Lauren tian, and presents a great contrast in point of 
mineral character to these formations. It is comparatively little 
disturbed, and is clastic rather than crystalline in character. This 
point has been well insisted upon by Dr. Bonney and by Mr. Irving 
in recent papers f. Further, its conglomerates contain pebbles of 
Laurentian rock in the same crystalline state in which these rocks 
are found at present. It consists chiefly of quartzites, conglomer- 
ates of different kinds, limesto.ne, and slates, sometimes cliloritic, 
with interbedded diorite. Without discussing those more or less 
crystalline rocks west of Lake Superior and in the Appalachian 
region which have been by Logan himself and later authors identi- 
fied with the Huronian, and which may, in part, belong to the 
interval between the Huronian and Laurentian or to the upper beds 
of the latter, or maj' even be later sediments in an altered state, we 
may attend at once to the beds which on the Atlantic coast succeed 
the Laurentian. We may remark, however, that, associated with 
the Huronian at the west of Lake Superior and extending thence 
northwards to Hudson’s Bay and the Arctic sea, are the dark slates, 
sandstones, &c. constituting the Ainimike series of Hunt. Whether 
these constitute an upper member of the Huronian or a distinct for- 
mation does not certainly ajqjear. It is, however, certain that this 
formation is very widely distributed, especially in the north It is 
also to be observed that many of the bedded rocks of the Huronian 
are really of volcanic origin, being bedded volcanic ashes or muds in 
an altered state §, 

In Newfoundland the older slate-series of Jukes ]], which Murray 
originally called the intermediate series, but afterwards mapped as 
Huronian, consists, in ascending order, of quartzites with diorites and 
jaspery bands, slate -con glomerate, green, purple, and red slates, 
and dark-brown or blackish slates. In the upper part of this 
or the lower next group arc the worm-burrows 

known as ArenlcolUes sjnralis and the uncertain fossils described 
by Billings as Aspidella. The lithological correspondence here 
between Newfoundland and Lake Huron is very close, and is 
increased by the fact that a series of red sandstones and con- 
glomerates, the Kewenian of the West and the uj)X)er Huronian or 
Signal-Hill beds of Jukes and Murray, overlie the typical Huronian 
in both districts IT* 

* Geology of Canada, 1863. 

t Annivoreary Address, 1886. Amer. Journ. of Science, 1887. 

X G. M. Dawson, “ Notes on northern part of Dominion of Canada,” Geol. 
Survey, 1887, p. 8 ; Dr. R. Ball, “ Report on Hudson Bay, 1877 to 1885,” Geol. 
Surv^of Canada. 

§ Dawson, ‘ Canadian Naturalist,’ 1867 ; Nicholson, Quart. Journ. Geol, 
Soc. 1873 ; G. M. Dawson, Geol. Mag. 1876. 

I) Report on Newfoundland, 1843. 

^ Geology of Newfoundland, 1881. 
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from ISTewfoandlimd to the ceaet of southern Kew Bruht- 
we find in the ^Ooldbrook and Coastal ” series of Baileg^ n 
group corresponding essentially to that in l^ewfoundlai^ 
perhaps in the fact that f^itic rocks occur to a iar;^r extant in tfe 
lower part, and that the upp«r part pres«ato not only oonglomeratei, 
ash-rocks, and amygdaloids, but also chloritic and hydro-mica s<d^iit^ 
This upper part, distinguished as the “ Coastal Series,^’ is regarded 
by Prof.* Bailey as distinct from the Huronian proper, and as eitim 
an upper member of that system or perhaps of later age, though 
pre-Cambrian 

As in Newfoundland, the typical Huronian of New Brunswick is 
overlain by reddish and purple conglomerates, sandstones, and shales, 
which are, how'ever, here regarded as the base of the Cambrian f. 
Matthew has recently found in them not only worm-burrows and 
fucoids, but a Linguloid shell. They appear, however, to underlie 
unconformably the lowest division of the Plnradoandes-heda. 

With these rocks, whether of Lake Huron, Newfoundland, or New 
Brunswick, I have no hesitation in comparing the Pebidian of Wales, 
as well as certain portions of the older Malvern rocks and those of 
Chamwood Porest. Some of these groups I have seen on the ground, 
others are well known to me by suites of specimens. Similar rocks 
also succeed the Laurentian in Scandinavia and in other parts of 
Europe as well as in Africa and portions of Asia. Thus the 
Huronian type is very widely distributed, even if we take it in 
the restricted sense as originally used by Logan and, later, by 
Irving and leave out doubtful deposits which have been connected 
with it. 

The Huronian marks a period of igneous disturbance and coarse 
mechanical deposition succeeding to the Laurentian foldings. It is 
essentially a coastal or marginal deposit, and indicates that at the 
close of the Laurentian considerable areas of land had been elevated 
in the northern hemisphere. It was along the margins of this old 
Laurentian land that the Huronian was deposited, and its outcrops 
mark these margins, which in America before the rise of the Appa- 
lachians extended westward from the Atlantic coast along the 
southern shores of the Laurentian land. The conditions of deposit 
in Wales at the same period were evidently in general similar, though 
with local peculiarities. 

Two important questions arise from the above statements. The 
first relates to possible deei3-sea deposits of this age, differing from 
the coarse marginal detritus and volcanic accumulations. These 
must have existed ; but to what an extent are the}’ known to us ? 
The limestones associated with the Huronian probably belong to 
their margins ; but they have so far afforded no fossils except ob- 
scure indications of sponge-spicules in the chert-nodules which they 

♦ Bailey, “ Q-eology of New Brunswick,** Geol. Survey Report 1877-8 ; Ells, 
* History of New-Brunswick Gfeology,* 1887. 

t G^logical Survey Reports, 18^. 

I Amer. Journal of Science, 1887. 
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•• I oonfensa, however^ that I am iimluied to suspeefc that 
floxx;^ of tl^e %oda kxio'm as Amimik^ and Taconian may prove to be 
of lids Oiiaraoter, as well as some of the disputed Huronian of the 
Appalacshian reg^ 

^ ^te> ^ irtash ^^as^oisa 
mmilar to those of the Hnronian may have been repeated in Siibse- 
<|uexit periods ; and here it is evident that wherever on continental 
margins coarse aqueous rocks were being accumulated, in 
vicinity of igneous foci and mixed with their detritus, rocks litho- 
logically resembling the Huronian may have been deposited. This 
consideration imposes much caution as to the possible correlation of 
such deposits with the true Huroniau on the ground of mineral 
character alone. In Nova Scotia and New Brunswick as well as in 
Great Britian there are rooks having in many respects the aspect 
of the Huronian which belong to Palaeozoic times, and there is reason 
to believe that on the Pacific coast there are certain rocks of this 
kind of much later date. These, as has been shown by Dr. Selwyn 
and Dr. G. M- Dawson, are in great part bedded volcanic ash-rocks 
in an altered condition t- 

An important new light has recently been thrown on the supposed 
upper Huronian of Newfoundland by Mr. Matthew, who has found 
that in New Brunswick the conglomerate and red sandstone under- 
lying the Paradoivides-bedia are, as before stated, unconformablo to 
these, and that, like the Basal or Oaerfai beds of Hicks in Wales, which 
somewhat resemble them in mineral character, they contain worm- 
tracks and a Linguloid shell as well as remains of Algm. He there- 
fore regards these as basal Cambrian beds. This may also prove to 
he the j)osition of the Newfoundland Signal-Hill rocks, and of the 
Hewenian series of the west. This basal series of New Brunswick 
is estimated at 1200 feet in thickness. If it be reckoned as the 
equivalent of the Caerfai, the lower members of the St. J ohn group 
proper will he the equivalent of the Solva group, and the upper 
members will represent the Menevian §. In a letter recently received 
from Mr, Irving, of the U. S. Geological Survey, he informs me that 
“ an obscure Linguloid shell ” has been found in the quartzite of 
south-western Minnesota, a formation which he regards as probably 
below the Kewenian, and possibly even Huronian. These facts 
render it possible that an upper Huronian series containing precursors 
of the Cambrian fauna may yet be recognized, or probably a new 
intermediate system to be designated by some other name || . It will 
also he observed that, like the typical Huronian, such series, whether 

* I jBnd such indications in the chert of the limestones on Georgian Bay, 
They are apparently simple acerate siliceous spicules, resembling those of some 
Cambrian sponges. 

t See, however, Dr. Sterry Hun t,“ Elements of Primary Geology,” Gkol. Mag., 
Nov. 1887, for his classification of the western rooks of these groups. 

X Report Geol. Survey of Canada, 1871-1886. 

§ Matthew, ‘ Canadian Record of Science,’ 1887. 

f Irving has proposed to call all the formations between the Laurentian and the 
base of the Cambrian “ Agnotozoic ; ” but the term Huronian seems sufficient at 
present for this purpose. 
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Huronian or Kewenian or intermediate, will bo common to the 
ooaatal and interior regions, thus tiitfering from the true Paradomde$^ 
zone. 


m. The Cambkian System. 

For a long time the base of the Palaeozoic, in the eyes of the geolo- 
gistsof America, wasthe Potsdam Sandstone, which over great areas 
of Canada and the United States rests unconformably and directly 
on the Laurentian. 

The marginal areas of the continent have since afforded a great 
series parallel to the Cambrian of Wales and of Scandinavia. 

In southern Newfoundland the Huronian rocks, or the Signal- 
Hill red sandstones and conglomerates overlying them, are succeeded, 
according to Jukes and Murray, by a thick formation of sandstones 
and slates with a little limestone and conglomerate, and near the base 
of this the great Paradoa^zdes Pe^itietn and other forms of like age are 
found. These are Lower Cambrian and obviously parallel with the 
beds holding the rich fauna of this age in New Brunswick, originally 
described by the late Prof. Hartt* * * § \ and more recently and more 
fully by Mr. Matthew t. The strata holding these fossils in New- 
foundland have conglomerate, slate, and limestone below, and a great 
thickness of variously coloured slates above, overlain by sandstones 
and slate. Very similar beds constitute the low’er Cambrian series 
of St. John, New Brunswick. 

I have already stated that there exists in southern New Bruns- 
wick a series of red, ])urple, and grey conglomerates and sandstones 
not unlike the Signal-Hill series, unconformable to the Huronian 
below and the Para(/ox'?des~bed8 above, and holding not only worm- 
tracks, but Linguloid shells. These are regarded as a basal Cambrian 
series, perhaps equivalent to the Caerfai group of Hicks, while above 
this are the equivalents of the Solva and Mcnevian groups of the 
same geologist, corresponding in mineral character and fossils so 
closely as to indicate portions of the same sea-bottom t- The 
Braintree slates in Massach .setts with their underlying conglomerates 
may he considered a continuation of the New Brunswick beds §. 

Above these in Newfoundland is a slender representation of the 
lower part of the Upper Cambrian, now called Middle Cambrian by 
some, and consisting of sandstones and flags, often micaceous, with 
Lingulce, Similar beds cap the Lower Cambrian in southern New 
Brunswick. Mr. Fletcher, of the Canadian Survey, has found fossils 
indicating what is probably the same horizon in the slaty districts of 
southern Cape Breton. Mr. Matthew regards these series as covering 
the whole succession from the Caerfai grouj) of Hicks to tho Lingula^ 
flags, and the two great zones A and B of Angelin in Sweden. 

* Acadian G-eology, 1868. 

+ Trans. Royal Society of Canada, 1886 to 1888. 

I Matthew, ‘ Canadian Record of Science,* 1888. 

§ Crosby, ‘Boston Society of Nat. History,* 1884. 
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There is, however, no certain evidence that any of these beds reach 
so high as the horizon of the Potsdam 

These rooks of Newfoundland and the Acadian Provinces, con- 
stituti^' what I formerly named the “ Acadian group ” are in 
their lithological characters and fossil remains precise equivalents of 
the Longmynd, Menevian, and Lower lingula-fLag groups of England. 

In this connexion an important group of roc^ is the Atlantic 
coast series, or gold series of Nova Scotia, described by me in this 
Society's Journal as far back as 1850 1, and subsequently in ‘ Acadian 
Geology ’ and supplements thereto §. This great series, extending for 
more than 200 miles along the Atlantic coast of Nova Scotia, consists 
of daxk- coloured quartzite and slate in massive bands, the former 
predominating below and the latter above, and the whole attaining 
to a thickness of perhaps 10,000 feet. In its western extension it 
appears to rest on rocks of Huronian aspect, and where it is invaded 
by granitic masses and veins (Devonian in age) it assumes the con- 
dition of mica-schist and imperfect gneiss, being then similar in 
mineral character to the rocks elsewhere known as Montalban. It 
has unfortunately afforded no well-characterized fossils. The mark- 
ings called Eophyton || and certain radiating bodies (Astropolithon) ^ 
found in it are, however, similar to those occurring elsewhere in 
Lower Cambrian rocks. Murray was disposed to regard this forma- 
tion as corresponding to hiS Huroniun in Newfoundland ; but it does 
not agree with this either in mineral character or in fossils, and is 
perhaps rather to be regarded as a great development of the lowest 
member of the Cambrian, an exaggerated equivalent of the Harlech 
Grits and Llanberris Slates. In this case, however, it may he expected 
that it will yet afford true Cambrian fossils. 

In Western Europe, as Hicks has shown, groat movements of 
depression must have occurred in this period, and wo have evidence 
of a similar character in America. If we roughly divide the Cambrian 
system into throe great series, characterized respectively by the pre- 
valence of the largo Trilobites of the genera Paradoxides^ Olenellus^ 
and Dikelocephalus^ we shall find that the former, the true Lower 
Cambrian, is unknown over all tbc great continental plateau of 
America It is strictly a marginal deposit formed at a time wben 
there was probably a great contineiit west of the then infant Ap- 
palachians. But the second, or O^meZZtts-group, slenderly represented 
on the coast, appears in force immediately within the groat Lauren- 
tian axis of Newfoundland tt. It is known in the valley of the St. 
Lawrence by the great masses of limestone full of fragments of 


* Fletcher, ‘ Report Gcol. Survey of Canada ’ ; Matthew, Trans. Roy. Soo. 
Can. 188(> ; Canadian Record of Science, 1887. 
t Acadian Geology, 1868. 

f Quart. Journ. Geol. Soc. toI. vi. § 18G8 and 1878. 

11 Selwyn, Report Geol. Survey. 

^ Acadian Geology, Supplement, p. 82. 

** Walcott apparently places the lower portion of the Wahsatch section in 
Utah in the Lower Cambrian ; but this may belong to a western marginal area, 
ft Murray’s ‘ Newfoundland Billings’s * ** Palajozoic Fossils.* 
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Sotenopleura, Hyoliihe* Ao. ia the o<mgiom«rateB of Uie 
Qoebeo group*, and it also appears in the Geoigia s^dee o| Vetoi^nt f » 
jMi, ^cording to Walcott, as to wo^ as Kevada ^ 0tali jt. O^i 
the other hand the upper members of the Cambrian, the 
^^?M#-group or Potsdam Sandstone, is a{^»arently altoge^er ahseiit 
n the Acadian provinces, which at Uiat time must ha^ haea ititder 
ocean-depths in which deposits of a very different kind wimld be 
produced, or elevated into land, perhaps the border of an Atlaxd^ 
island now mostly submerged. It seems doubtful if any good equiv- 
alent of the Potsdam exists in England or Wales. 

It is otherwise, however, with the next succeeding formation, that 
passage-series between the Cambrian and Ordovician known in Wales 
as the Tremadoc. This, in America, takes a more inland position, 
imd becomes an interior or submarginal formation connected with 
the Quebec group to be mentioned in the sequel. At Matane and 
Cape Hosier, as noted by me in 1883 §, and as Lapworth has more 
fully proved in 1886 ||, we have a true Tremadoc filled with Die- 
tyonema sodale and containing also fragments of characteristic 
Trilobites. Purther inland, on the main American plateau, these 
beds are not found, but are represented by the peculiar ‘‘ Calciferous ” 
formation, a dolomite formed apparently in an inland sea and having 
a characteristic fauna of its own. 

A very remarkable and exceptional feature in British geology is 
the appearance in the sandstone and limestone of the Durness 
series of Scotland of a group of fossils long ago recognized by Salter 
as of the interior American typo lu other words there existed in 
Scotland, within the shelter of the old Laurentian and Huronian 
ridges, an area which sustained a fauna similar to that of the internal 
plateau of America, and which, so far as known, did not exist in 
Wales or on the American coast. This curious case of apparent isola- 
tion we might better understand did wo know the exact geographical 
arrangements of the period. One consideration bearing on it is the 
probability that the Trilobitic and Graj>tolitic faunas of the coast 
mainly belonged to cold northern currents, while the Plateau-faunas, 
richer in Cephalopods, Gasteropoda, and Corals, belonged to the 
superficial warm currents passing over shallow plateaus, or to the 
tepid waters accumulated in closed basins. This is, I think, quite 
manifestly the case with the very dissimilar marginal and continental 
faunas to be noticed under the next heading. Salter seemed to sup- 
pose that the occurrence of these fossils in Scotland, and not to the 
south, indicated a climatal difference. In this he was justified ; hut 
the character of the climate was probably different from that* which 
he imagined. 

♦ At Metis, St. Simon, &o. 

t Emmons's * American Geology ;* Billings’s * Paheosoic Fossils.' 

1 Bulletin TJ. S. Surrey. 

§ Report Peter Redpath Museum, No. ii. Richardson's obserrations at 
M^ane. 

Ii Transactions Royal Society of Canada. 

^ Quart. Joum. Q^l. Soo. vol. xv. These rooks are also recognised by Geikie 
in Skye (Quart. Joum. Geol. Soc., Feb. 1888). 



807 


B<KPS» OF TSX ATX^imq COABT OF C4JfAI>A^ FXC, 

Sei<^ Imvmg tho C^brian^ it xnay be well to state that Mr. 
Mattliew hifo^csjOB me tb;atbe bopee to make out in tbeSt. Jobu series 
the aU of the so^bdmsions the 

eatabSiihced by IloiiarBsoii in. Bweden.^ so tha^ thate WiopJS seem to be 
a eOtrtitf^ponideiKMa eren in the minor details of the. depoGdi^ on the 
s^es of the Atlantic This, as we shall see, else ajipeazs 
to Prof. Lapworth to hold in the case of the Graptoli^ fant^ 

Tippet Oambrian and Ordovician on the two AUantio margihiSM V 

IV. The Obdovician System. 

With the incoming of this new age a more marked distinction 
occurs in America between the marginal and plateaunieposits. I 
have already referred to this in the Calciferons ; but it is more dis- 
tinct as between the marginal and submarginal areas and those 
inland, in the period on which we now enter. 

In Newfoundland, Murray and Howle}’^ have described large areas 
of Quebeo-group rocks in the west and north of the island which 
seem to be continuations of the submarginal area of the Lower St. 
Lawrence. There is also ono limited exposure of Trenton Limestone 
on the west coast, and belonging to the area of the Gulf of St. 
Lawrence, the peculiar conditions of which I have already mentioned. 
In Nova Scotia we have as yet no representatives of the Ordovician 
system except slates associated with igneous rocks, resembling in 
mineral character the Borrowdale series of the North of England, 
and destitute of fossils. In northern New Brunswick we find a belt 
of slaty beds representing the Quebec group of Logan, which is the 
characteristic form of the submarginal development of this system 
occupying the Bt. Lawrence valley. This grouj), resembling in many 
respects the Arenig of England, and consisting principally of slates, 
sandstones, and conglomerates, constitutes the eastern representative 
of the great Upper Calciferous and Chazy Limestones widely spread 
over the internal plateau, and x)rohahly of part of the Trenton as well. 

The origin of this formation and its true relations to the interior 
plateau-deposits were early defined by Logan, who regarded the 
Quebec group as an Atlantic deposit thrown down in the open, sea 
along the margin of the old Laurentian plateau, while thinner and 
differently constituted beds wore being formed in the shallower and 
warmer waters of the plateau itself. It was further found and illus- 
trated by Logan that in the great earth-movements which closed the 
Ordovician period these marginal and suhmarginal deposits had been 
crushed and folded against the old Laurentian border, and even, 
in places, pushed over the inland formations by reversed faults, while 
the latter remained comparatively undisturbed. These peculiar 
arrangements, which extend southward along the Appalachian 
ranges, led to much discussion among the geologists of the New York 
Survey, and to that “ Taconic " controversy which is still scarcely 
terminated. 

So far as our present subject is concerned, it is suflScient to 
* Amer. Joum, of Science, May 1887 . 
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observe that the Quebec group is not strictly an outer marginal for- 
mation, but rather submarginal, and belongs to a period when the 
principal area of coastal deposition of sediment from the north was 
inland of the Acadian provinces, or between them and the main 
American plateau, and separated from the outer ocean by a belt of 
active volcanos. Its conditions of deposit and characteristic fossils 
may fairly be compared with those of the Skiddaw and Arenig of 
England The Ordovician series of Shropshire extending upward 
from the Stiper Stones to the Caradoc is also a counterpart of the 
Quebec group f. 

Perhaps no term of comparison for these beds is more satisfactory 
than that of the Graptolitic fauna 4:. This has been studied in the 
case of the Canadian series with great care by Hall, whose monograph 
on the Graptolites of Canada is a classical work, and subsequent 
observations have ascertained several divisions between the Matane 
series of the Lower St. Lawrence and the Utica §. The whole 
subject has, however, recently been reviewed by Lapworth j|, in 
connexion with material placed in his hands by the Director of the 
Geological Survey of Canada, and his results are of the greatest 
interest as indicating the precise correspondence in those truly 
pelagic forms on the two sides of the Atlantic. They may be 
summed up as follows, in ascending order ; — 

Quedec Group op Lower St. Lawrence, 

1. Matane Beds — Grey, red and black shales, sandstones and 
limestone, equivalent to Lower Calciferous of inland America and 
Tremadoc of England. Characterized by Dictyonema sociale^ Bryo- 
graptus, Clonoyrajptns, &c. 

2. Levis Beds . — ^^Dark shales, with sandstones and limestone- 
conglomerates. Limestone-bands and dolomite. Characterized by 
Phyllograptus , Tetragraptas., Bidynwgraptas, &c. Xtemains of 
siliceous sponges also occur in some places This corresponds tc 
the Chazy of inland America and the Arenig or Skiddaw of England. 

3. Marsouin Beds. — Shales, limestones, dolomites, and sandstone, 
with Ccenograpttis, iJiplograptiis, 4&,c. Equivalent to the Trenton 
formation of interior America, including the Hormanskill Shales of 
Hall, and to the Llandeilo formation of England. 

4. Utica Series . — Soft shales, often highly bituminous or carbon- 
aceous, with LeptograpUis, Diplograptus, &c. This is the Utica-Slate 
formation of inland America, and corresponds to the Hartfell and 
Caradoc group of England. 

••• Hicks, ‘Classification of Lower Palaco^soic Rocks,’ 1881. 

t liapworth, Geol. Magazine, 1887. 

% Mr. A. M. Ami, E.Q.S., ofHhe Geological Survey of Canada, fias devoted 
much labour to these fossils. 

§ Report Redpatb Museum, 1883. Paper by Mr. H. M. Ami, ‘ Ottawa Field 
Club,’ &o. 

II Transactions Royal Society of Canada, 1886. 

^ Cape Rosier Zone of Lapworth. 

** Dawson and Hinde, Canadian Record of Science, 1888; also “Redpath 
Museum Notes,” 1888. 
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It will be observed here that the Graptolitic faunas referred to by 
Lap worth extend from the Tremadoc to the Caradoc inclusive ; but 
the Quebec group proper ma}’ be regarded as limited by these groups 
above and below. 

It is also to be observed that the Quebec group conditions of 
sheile- and sandstone-deposit with cold-water animal species seem, 
in the later Trenton and Utica periods, to have become prevalent 
over the interior plateau as well as the marginal area. 

This appears not only from the wide extension of the Grapto- 
litic fauna over all the plateau west of the Appalachians in this 
later Ordovician time, but from the occurrence of these fossils in the 
extreme west. Graptolites of this age are reported by White in 
N’evada and have recently been found by M^ConneU and identified 
by Lapworthin the Wapta Pass in the llocky Mountains of Canada t. 
Thus, what we have regarded as marginal and submarginal con- 
ditions may in the later Ordovician have prevailed from the Atlantic 
to the Pacific. This was undoubtedly a consequence of the gradual 
subsidence going on in the Ordovician age. It was naturally fol- 
lowed by the settlement of the oceaii-bed, which raised again the 
continental area and folded the marginal and submarginal Ordovician 
rocks on both sides of the Atlantic. 

I may add that the above views correspond closely with those I 
have held for many years, as the result of much study of these rocks 
in my summer vacations on the Lower St. Lawrence, and which are 
thus expressed in a paper published in 1883 + : — 

“ There seems reason to believe froih Mr. Uichardson’s recent 
observations that Graptolitic zones reaching from the Lower Tre- 
madoc to the Upper Llandeilo may be discriminated in the great 
mass of sediments known as the * Quebec Group, ^ which the writer 
has long believed, on the evidence of the fossils he has himself 
observed, to represent a lapse of geological time extending from the 
base of the Potsdam to the Chazy limestone.” Prof. Lapworth^s 
recent memoir extends the range of this comparison as far upward 
as the Trenton and even the Utica. 

One feature of the Quebec Series is especially characteristic and 
American ; this is the great limestone-conglomerates, which form 
conspicuous features in its middle portion. These conglomerates, 
which are very irregular in their distribution, and swell out rapidly 
to great thickness, degenerating as rapidly to mere sandstones, are 
remarkable for the quantity of boulders and pebbles of limestone 
which they contain, and which often afford Cambrian fossils, though 
in other cases they appear to belong to the limestone of the lower 
part of the Quebec group itself. The only means of explaining 
these conglomerates seems to be the action of the coast ice, which 
at this period appears to have been as energetic on the American 
shores as at the present da}^ and seems to have had great reefs of 
limestone, probably in the area of the Gulf of St. Lawrence, to act 

* Report on the 100th Meridian, vol. iv. 

t “import on Roc^ Mountains,” Geol. Surv. of Canada, 1887* 

X Report on Peter Redpath Museum. 
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aocxmnt for the survival in these areas of old Trilobitid genara whicm 
were not represented in the warmer waters of tJie ocmtinentaX 
plateau. This circumstancse has perhaps some eonnexion ^th the 
^ater apparent survival of these in America as compared with 
Europe, though I suspect that the observed appearances depend in 
part upon ooUectors attributing species belonging to fragments dt 
older limestones to the Quebec group itself. 

GThe importance of the Quebec group of Logan is thus vindicated, 
as representing widely spread loc^al conditions and great lapse of 
geological time ; and the prescient view which he entertained of it 
may be indicated by the following extract from a note appended by 
him to Murray’s Report on Newfoundland in 1866 : — 

“ The sediments which in the first part of the Silurian period were 
deposited in the ocean surrounding the Lauren tian and Huronian 
nucleus of the present American continent, appear to have differed 
considerably in different areas. Oscillations in this ancient land 
permitted to be spread over its surface, when at times submerged, 
that series of apparently conformable deposits which constitute the 
New York system, ranging from the Potsdam to the Hudson River 
formation. But between the Potsdam and Chazy periods, a sudden 
continental elevation, and subsequent gradual subsidence, allowed 
the accumulation of a great series of intermediate deposits, which 
are displayed in the Green Mountains on one side of the ancient 
nucleus, and in the metalliferous rocks of Lake Superior on the 
other, but which are necessarily absent in the intermediate region 
of New York and central Canada. 

“ At an early date in the Silurian period, a great dislocation 
commenced along the south-eastern line of the ancient gneissic 
continent, which gave rise to the division that now forms the western 
and eastern basins. The western basin includes those strata which 
extended over the surface of the submerged continent, together with 
the Pre-Chazy rocks of Lake Superior, while the Lower Silurian 
rocks of the eastern basin present only the Pre-Chazy formations, 
unconformahly overlaid, in parts, by Upper SUurian and Devonian 
rocks. The group between the Potsdam and Chazy, in the eastern 
basin, has been separated into three divisions, but these subdivisions 
have not yet been defined in the western basin. In the western 
basin the measures are comparatively flat and undisturbed ; while 
in the eastern they are thrown into innumerable undulations, a vast 
majority of which present anticlinal forms overturned on the north- 
western side. The general sinuous north-east and south-west axis 
of these undulations is parallel with the great dislocation of the St. 
Lawrence, and the undulations themselves are a part of those 
belonging to the Appalachain chain of mountains. It is in the 
western basin that we must look for the more regular succession of 
the Silurian rocks, from the time of the Chazy, and in the eastern, 
including Newfoundland, for that of those anterior to it.” 
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^ 1^ Weet^ 

JSiia ooiiied 0 t», m^a^ order, of (1) gneiss and izi|eaH»^^ist with 

cSsloritib and bomblendie schists, (2) grey and pui^liish micaceous 
sandstcmas and slates with limestone and conglomerate andle^athic 
slates, (3) Idack graphitic and pyritous slat^, (4) schistose felepiathic 
rocks and conglomerates, (6) amygdaloid and felsite with sandstone 
and slate, (6) felsites capped with sandstones and slates, often 
chloritic. Ihese remarkable rocks, which are of great thickness and 
have evidently experienced much metamorphism, have been found 
at one locality to contain fossils of Trenton age equivalent to Bala 
and Llandeilo. Similar rocks come out from beneath Silurian beds 
in various parts of the hilly districts of Nova Scotia t. They 
resemble the Cumberland Ordovician more nearly than other British 
developments of these rocks. In the continuation of these beds in 
Northern New Brunswick Graptolifces were discovered some years 
ago by Mr. Robb and Dr. Ells, of the Canadian Geological Survey, 
and are believed to be of Upper Ordovician age. 

Y. The Siliteian System. 

In the inland plateau of North America this period begins with 
shallow-water conditions passing into tho great and long-continued 
depression marked by the Niagara Limestone. There is then a second 
elevation, that of the Salina, succeeded by the very widely distri- 
buted Helderberg Limestones. There are thus two depressions sepa- 
rated by an intervening elevation. 

In Newfoundland the Silurian rocks occur in a narrow trough 
extending through the centre of the island, and, so far as can be 
ascertained from the Reports of the Survey of Newfoundland, are not 
dissimilar from the exposures in Nova Scotia. . 

In the latter province the great limestones are absent or repre- 
sented by comparatively insignificant and impure bands. Shales 
with some sandy beds (Lower Arisaig beds of previous papers) 
represent the Clinton and contain OrajptolitJius cUntonensis ; coarse 
impure limestone and shale (New Canaan beds of previous papers) 
correspond to tho Niagara, holding characteristic corals of this age, 
and shaly beds with thin layers of limestone (Upper Arisaig of pre- 
vious papers) represent the Helderberg. In Nova Scotia these 
occur in the New Canaan, Arisaig, and Pictou districts, and their 
characters correspond to those seen in Newfoundland, New Bruns- 
wick, and Maine. In the Cobequid Mountains of Nova Scotia, 
however, and in New Brunswick, these beds, especially in their 
upper part, show great contemporaneous emissions of igneous rock. 
These are partly felsitic and partly doleritic and amygdaloidal. 
They correspond in age with those isolated igneous masses of the 

* Beport Geological Survey of Canada, 1884-5. 

t Quart. Journ. Geol. Soo. 1850. ‘ Acadian Geology * and Supplement. 
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plain of the St. Lawrence to which the Montreal and Beloeil Moun- 
tains belong. 

In proceeding to the west and north the Helderberg Limestones 
appear in great force at Cape Bon Ami in Northern New Brunswick, 
where they are rich in fossils and associated with beds of trap. Both 
limestones are largely developed in Bonaventure and Gaspe, and the 
lower member in the Island of Anticosti, so that here as in previous 
periods the area of the Gulf of St. Lawrence corresponds with the 
interior plateau rather than with the coastal region. In some 
respects, indeed, this area presents an exaggeration of the interior 
conditions, since in Anticosti there is apparently a gradual passage 
from the limestones of the Hudson -river group to those of the 
Clinton, without the intervention of sandstones similar to the 
Oneida and Medina of New York and Ontario. In so far as I am 
aware there is also an absence of beds representing that condition of 
deserts and salt lagoons represented hy the Salina or Onondago salt- 
group. In this last respect, as in so many others, the conditions of 
the eastern districts of America conform to those of Europe, and not 
to those of the interior plateau of America. 

In America as in England the Silurian of the maritime districts is 
unconformable to the Ordovician, though this does not hold in Anti- 
costi or in the inland region. 

Lithologically the English Silurian is more perfect than that of the 
East Coast of America, as containing, in the Wenlock Limestone, a 
better representative of the Niagara formation. The unequal cha- 
racter of this limestone, however, and its thinning out toward the 
south-west, bring the series into harmony with that in Nova Scotia. 
The Ludlow rocks are perfect representatives of the Upper Arisaig 
series of Nova Scotia, and the fossils are remarkably similar, much 
more so than in the case of the Arisaig and the inland Helderberg 
in any locality known to me*. 

In England the trees which I have named Nematodevidrece appear 
first in the Denbighshire Sandstone at the base of the Silurian f. In 
America they appear in the Helderberg series. Placoganoid fishes 
have recently been recognized in the Silurian in New Bruns- 
wick X- 

The eurite and tufaceous rocks of the Silurian of the West of 
Ireland appear to ho the princij^al British representatives of the 
abundant rocks of volcanic origin associated with the Upper Silurian 
in Nova Scotia and New Brunswick §. 

In summing up the Eozoic and older Palaeozoic rocks of the Mari- 
time Provinces I may reproduce here, with some slight additions, the 
table given in the Supplement to ‘ Acadian Geology,’ 1878. 

^ Acadian Geology and Supplements, 

t Hicks, Quart. J ourn. Geol. Soc. vols. xxxvii. and xxxviii. ; Dawson, ibid. 
i Matthew, ‘ Canadian Becord of Science,* 1886. 

§ Murchison, ‘ Siluria.' 
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<fec. I Nova Scotia, aeb New 

1 Bexteswick. 

Silurian, 

Ludlow, Wenlook and Llandovery, Upper Arisaig Series, Nova Sootia ; 
or Mayhill. Mascarene Series, New Brunswick ; 

Lower Arisaig, New Oanaan and 
Wentworth beds of Nova Sootia; and 
Kestigouche series. New Brunswick. 

Ordovician, 

Oaradoc and Bala, with Snowdon I Upper Cobequid Series, slates, 
felsitee and ash-beds, Coniston and felsites, quartzites, and greenstones. 
!Knock Series. Ordovician of Western and Central 

New Brunswick. 

G-reat felsite and trap-ash Series Lower Cobequid Series, felsites, 
of Borrowdale (Ward). porphyrites, agglomerates, and mas- 

sive syenite of Oobequids, Pictou, and 
Cape Breton ? * 

Lower Llandeilo flags and shales. Middle Graptolitic or Levis Series 
Arenig Series, Skiddaw slates, &c. of Quebec and North New Brunswick, 

part of Cape Breton Series ? 

Camhr 

Tremadoc slates and Lingula-flags. Matane or Cape Rosier Graptolitic 

beds. Mire and St. Andrew’s Channel 
Series in Cape Breton ? 

Menevian and Longmynd Series, ) Acadian Series of St. John, New 
Harlech grits, and Llanberis slates. ‘ Brunswick. Quartzite and slate, of 

Atlantic coast of Nova Scotia, 

Caerfai Group of Hicks. Basal Cambrian of Southern New 

Brunswick. 

JTuronian. 

Pebidian Series (Hicks), containing Huronian felsites, chloritic and 
felsite, chlorite-schist, and serpentine. epidotic rocks of Southern New 

Brunswick, Yarmouth, and of Cape 
Breton in part. 

Laurentian, 

Older gneisses of Scotland and of Gneiss, quartzite and limestone of 
Scaridinavia, Diraetian ? St. John, Portland Group, gneiss of 

St. Anne’s Mountain. 

YI. The Eriae, or Devonian System. 

This formation, most largely and completely represented in the 
great “ Erie Division ” of the Geological Survey of New York, which 
occupies an immense area in the district around the lake from which 
it is named, and attains therein its maximum thickness and develop- 
ment, appears on the eastern coast entirely in the form of sandstones 
and shales, which may be compared with those of the Old Red Sand- 
stone of Scotland and England, They differ entirely in mineral 
character from the great limestone- and shale-deposits of the interior 
of America, where, in the Province of Ontario, the Corniferous Lime- 

* It seems impossible at present to separate these perfectly from the 
Huronian, in some localites at least. 

a.J.G.S. No. 176. 3 h 
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stone is perhaps the richest of all the palseozoic limestcmes in fossil 
corals^ and indicates a long continuance of truly marine conditions. 
These beds abound in fossil plants and, locally, in remains of fishes, 
and both the fishes and the plants are generically similar to those of 
Britain, and divisible into two series, representing the lower and 
the upper members respectively. The beds do not appear, however, 
to be lake- deposits but, rather, estuarine and littoral. They have 
been fully described in the papers referred to below 

In the Baie de Chaleur, for example, the lowest series is charac- 
terized by Psilophyton and Nematophyton^ and by fishes of the genera 
Cephalctspis^ Coccosteus^ CUnacanthus^ and £tomaeanthm’\‘. The 
upj>or division is characterized by ferns of the genera Archceopteris 
and Platyphyllum^ and by fishes of the genera Ptertchthys, Diplcv- 
canthus^ Phaneropleuron, GlyptolepiSy CJieirolepiSy and a new genus 
named by Whiteaves EusthenopteronX. 

The only truly marine portion of the system in the Maritime 
Province is the lower part, corresponding to the Oriskany of the 
interior, and this may perhaps he j*egarded as an equivalent of the 
Downton Sandstones of England. 

The greatest granitic intrusions of Nova Scotia belong to the close 
of the Devonian, as do many granitic masses in New Brunswick and 
Quebec. These are the equivalents of the Devonian and Cornish 
granites, though perhaps a little earlier in date, and are also repre- 
sented by the felsites of the Scottish Devonian. 

The remarkably rich flora of the Erian of the east of Canada was 
first made known in the Journal of this Society, and still holds its 
position as probably the most copious known in this age, though I 
have been obliged to withdraw two of its species, Selaginites formosus 
and Equisetiies Wrightianus, as probably Crustacean, and the genus 
Dictyophyton as certainly belonging to sponges and not vegetable §. 

YII. The Carboktferous System, &c. 

The Carboniferous formations of Nova Scotia have been described 
by the writei; in a number of papers in the Journal of this Sooiety||. 
Like the Carboniferous of Britain, these rocks present many local 
diversities. Their subdivisions are : — 

1. A lower series corresponding to the Tuedian of the North of 
England and Calciferous of Scotland both in mineral character and 
fossils (the Horton Series of my later papers) 

2. A Carboniferous Limestone, associated, however, with gypsum, 
and marly and red sandstones, but having fossil remains for the most 

* Quart. Joum. Ceol. Soc. vole. xv. andxviii. 

t Dawson's Keport on Erian Plants. Whiteaves, Trans. Roy. Soo. Can. 
vol. iv. ** On Devonian Fishes.” 

1 Ibid. 

§ Quart. Joum. Q-eol. Soc. jrols. xv., xviii., xxvii., xxix., xxivi., xxxviii. The 
Devonian Flora of Scotland and that of Belgium, as described by Crispin, and 
exhibited in the Brussels Museum, are closely allied to that of Eastern Canada. 

jj Quart. Journ. Oeol. Soc. vols. i., ii., v., ix., x., xi., xv., xix., xxii., xxix., 

XXX 

% Acadian Geology, 3rd edition. 
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part specifically identical with, those of England (Windsor Series 
of recent papers). 

3. A Millstone-grit series consisting of coarse sandstones and 
shales with conglomerate, mostly of red colours. 

4. The Main or Productive Coal-measures, precisely similar in 
character to those of Britain. Of 135 species of fossil plants which 
I have catalogued from these beds more than one half are specifically 
identical with those of England. The animal fossils of these beds, 
Batrachians, Fishes, Crustaceans, and MoUusks, are also akin to those 
of England. In the class of Batrachians a still more close approxi- 
mation appears in those obtained by Fritzsch in the Upper Car- 
boniferous of Bohemia. 

5. A Permo-Carboniferous series, perhaps corresponding in age to 
the Ix)wer Permian of England, and consisting largely of lied Sand- 
stones with species of plants characteristic in Europe of the Lower 
Permian, but including no limestones. 

The conditions of the Carboniferous are on the whole similar 
throughout North America, except in the extreme West and locally 
in the Appalachian region ; but in Nova Scotia, Newfoundland, and 
New Brunswick they are more nearly allied to the British type, 
except in the abundance of red marls and gypsum in the Lower part. 

Interstratified trappean rocks, similar to those in Scotland and 
England, occur in Nova Scotia and New Brunswick, especially in the 
Lower Carboniferous. 

The details of the Carboniferous and Permian of Nova Scotia and 
Prince Edward Island are so fuUy given in the papers referred to 
in the notes, that the above general mention will be sufficient here. 

One fact of general application which is admirably illustrated in 
the Carboniferous of Nova Scotia is the extreme sensitiveness of the 
earth’s crust to unequal pressure. The Coal-formation of the Cum- 
berland district, 50u0 feet in thickness, and consisting wholly of 
beds which must have been deposited almost exactly at the sea-level, 
shows that for every inch of sediment or of vegetable matter there 
must have been a corresponding depression of the cruet. This 
accurate correspondence of sedimentation with subsidence has long 
appeared to me one of the most striking facts in geological dynamics. 

The Triassic Bed Sandstone of Nova Scotia and Prince Edward 
Island and the associated Traps closely resemble the same for- 
mations in England. Like them they contain no important marine 
limestones, and their fossils are limited thus far to a single Dino- 
saurian reptile and a few fossil plants. In these it is far inferior 
to deposits of the same age further to the south on the Atlantic coast 
of the United States. In America, as in Europe, the Triassic flora 
and land- and freshwater-faunas seem to have been of southern 
origin. 

The maritime region of Eastern Canada is remarkable for its 
deficiency of Mesozoic rocks newer than the Trias. If there are 
such deposits, they must be, like the Cretaceous rocks believed to 
exist farther south on George’s Banks, still under the sea. It is only 
on Greenland and the Arctic Islands that we find beds ranging from 
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the Lias to the Eocene, and these belong rather to the Arctic basin 
than to that of the Atlantic In this respect the maritime region 
of Canada differs materially from that of Europe, though it is note- 
worthy that the extreme coastal region of Great Britain to the west 
is also somewhat deficient in such rocks. 

The question of PalflBozoic climates in the northern hemisphere 
has some bearings on the subjects discussed in this paper, and is well 
illustrated by a map of the Arctic districts of Canada recently issued 
by the Geological Survey t. From this it appears that there are no 
indications of a warm climate in the Arctic basin up to the close of 
the Cambrian. The later Ordovician and the Silurian were, however, 
signalized by the deposition in the Arctic seas of thick and extensive 
organic limestones, holding fossils comparable with those of the 
temperate regions at the same time. The Lower Erian may perhaps 
indicate a short relapse to cold; but in the Upper Erian and Lower 
Carboniferous we have warm seas tenanted by marine animals and 
a rich land-vegetation appearing both in the Arctic Islands of 
Canada and in Spitzbergen. The Upper Coal -formation and the 
Permian and Trias indicate a return of cold, and the temperature 
seems to increase in the Jurassic, attaining its maximum in the 
later Cretaceous and Eocene, and gradually diminishing to the glacial 
age, between which and the .modern there seems to have been a 
warm period of short duration, evidenced in the deposition of mam- 
moth bones, &c., on the Arctic coasts. The cycles of cold and warm 
climate thus indicated in the Arctic region have. I think, an important 
bearing on the succession of life further south, at least in Eastern 
America, and their correlation with the climatal changes in Europe 
would be a subject of much interest, on which, however, I do not 
feel in a position to speak positively ; but I imagine that the warm 
and cold periods wiU be found to correspond with those of the Arctic 
basin and of America. 

The general sketch above given is sufficient to show that in the 
rocks from the Laurentian to the Trias inclusive we have on the two 
sides of the Atlantic a continuous parallelism in the following 
points : — 

1. In mineral character and order of succession of aqueous deposits. 

2. In the occurrence of great earth-movements of elevation, de- 
pression, and plication, at corresponding times. 

S, In the ejection of like kinds of igneous rocks in connexion with 
like members of the aqueous series. 

4. In the order of introduction and extinction of animals and 
plants. 

o. In the specific identity of animals and plants in corresponding 
formations. 

All this, I think, points to an actual contemporaneity of the suc- 
cessive changes on the two sides of the Atlantic basin, and to a 
special correspondence of the formations of the respective marginal 

* For referencses Bee * Notes on Geological Map of Northern Canada ’ by 
Ur. G. M. Dawson. 

•f* * Geology of Northern Canada,* Dr. G. M. Dawson, 1887. 
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areas as contrasted with those of the continental plateaus. It also 
indicates a persistence, on the whole, of the oceanic character of the 
Atlantic depression. 

Lastly it shows the necessity in any system of geological classifi- 
cation of distinguishing the continental plateaus, the lines of great 
foldings and of igneous action, and the ancient ocean-margins from 
each other, and of adapting our arrangements and nomenclature to 
their actual diversity. In order to do this, while adopting common 
designations for the great ages of geological time, and for those 
systems of formations which mark the successive submergences and 
emergences of the continental plateaus, sej)arate classifications must 
exist for the different kinds of ureas, in their details. It is also, I 
think, necessary that we should not tie ourselves down to hard-and- 
fast lines either as to the limits of systems or as to the relative values 
of their divisions in widely separated localities, as these differ in 
nature, and nothing is to be gained by conventional arrangements 
overlooking these dilferences. 

Finally, I can ijnagine that many questions which have not 
occurred to me may present themselves to the minds of other 
geologists who may read or hear this pax^er. {Should I possess any 
facts tending to the solution of such questions, and not stated in 
the above pages, they will be at the service of any one desirous to 
use them for the advancement of science. 


Discussion. 

The President, whilst recognizing the imx>ortance of the paper, 
doubted whether the question of correlalion of the Pre-Cambrian 
rocks on either side of the Atlantic was ripe for discussion. 

Dr. Hicks felt sure that the paper would be welcomed on this 
side of the Atlantic. He agreed with most of the conclusions of 
the Author, including the correlation of the Huronian with the 
Pebidian. This was borne out, not only by similarity of lithologi- 
cal characters, but by the exact correspondence of the succeeding 
beds in the two areas as shown by Mr. Cr. F. Matthew. The diffi- 
culty of correlation lay with the rocks below the Huronian. He 
noticed that fragments of granitoid rocks occurred in the Huronian 
as in the Pebidian. He also had called attention to the contrast be- 
tween the Palaeozoic rocks of the ocean borders and those of the 
interior of the continents, in papers read before the Society and else- 
where. 

Dr. Scott referred to Mr. Walcott’s work, and mentioned the 
occurrence of great deposits of Pre-Cambrian rook in Arizona. 
Where terrestrial species play an important x)art, difficulties of corre- 
lation were much increased. 

Dr. Hinde noticed the diflTerence between the coast-geology of 
America and that of the interior. 

Mr. Marr stated that the paper referred very fully to the point 
noticed by the last speaker. 
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46. On the Occfbkbktcb of Eijsphas mi5BIDI0KA1.i» 

Dobsst. By the Rer. O. ExeioB, 1C . A., F .G.S. (Bead J ane 
1888.) 

Iw the year 1877 I saw in the Blaokmore Museum at Salisbury two 
molars of an elephant, labelled “ Dewlish, Dorset.” I at onee 
attributed them to E, meridionalis, and they interested me much, 
because I had been lately engaged upon the geology of Norfolk*, 
only in the pre-glacial Forest-bed of which county, so far as I was 
aware, that species had been found in this country. It was not, 
however, till the autumn of the year 1887 that I obtained any 
information upon the subject, when Mr. E. Cunning^n, of 
Dorchester, told me that large bones had been lately found at the 
same place ; and he gave me an extract from an old notice by the 
late Mr. Hall, a local antiquarian, that a memorandum of the 
original find of these remains was published in the ‘Monthly 
Magazine ' for May, 1814, in which Mr. Hall states that “ there is a 
hill in the parish of Dewlish which was always supposed to bo 
formed of chalk only ; but last summer (1813), about 100 feet above 
the level of the foot of the hill, some sand was observed to be drawn 
out by a mouse. It was taken notice of, and General Michel [the 
proprietor of the land] sent workmen to seek for sand.” At about 
5 feet below the surface they found the teeth of the elephant, of 
which two are now exhibited. The section observed by Mr. Hall is 
recorded below. His description of the fossil remains is diverting. 

Mr. Blackmore, of Salisbury, in reply to my inquiries, writes that 
the specimens in their Museum were obtained by his grandfather, Mr. 
Shorto, in 1814 ; and an exceedingly sensible letter, written by him 
to Mr. Hall, was published in ‘ Flint Chips,’ page 20t. Mr. Mack- 
more says that Dr. Falconer, from rubbings only, attributed these 
teeth to E. antiquus. But Mr. Ashford Sandford, on seeing the 
specimens themselves, at once said, Elephas meridionalis without 
doubt,” adding, “ I have just been looking over the specimens at the 
British Museum, and can speak positively.” And this identification 
was published in ‘ Flint Chips ’ in 1870. Mr. Boyd Dawkins also 
saw the specimens, and mentioned them to Dr. Leith Adams, who 
had sketches forwarded to him, but would not allow that they 
could be E. meridionalis^ hecaiise that species had never been found 
so far west ; he also mistook Dewlish for Dawlish, in Devonshire. 

Mr.'Cunnington’s information revived my interest in the subject ; 
and I visited the locality on September 23rd, 1887, in company 
with my brother-in-law, Mr. H.. B. Middleton. We were received 
by Mr. C. Kent, the tenant of the farm, and by great good fortune 

See “ On the Denudations of Norfolk,'' Brit. Assoc. Norwich meeting, 1868 ; 
Geol. Mag. vol. r. Dec. 1868. Also other papers on Norfolk by the author in 
the same maj^zine. 

‘Flint Chips/ by Joseph Stevens. London, 1870. 



Hr. Eeni; yo ^ar pa t a ^ydw 

m ISoSfp lUkd also now exMbited. 

Figa 1 .^ — Section of CkalJc-Esoarpment at Bewlish, DofccMire. 
(Scaie 100 feet to 1 inch.) 



a. Elephant-bed. 

The locality from which these remains have been obtained is 
situated just opposite the village, near the top of a remarkably 
steep, straight escarpment of a plateau of chalk, facing the west, 
and is in a district consisting entirely of chalk. The angle of the 
hill was estimated by me by the eye to be about 55°. But Mr. 
Pleydell considers it more steep than that. He has measured the 
position of the pit, if such it can be called, and has found it 90 
feet above the foot of the hill, and 10 feet below its brow (fig. 1). 
The opposite side of the valley, in which the village is situated, 
rises with a gentle slope towards the East. The escarpment trends 
nearly North and South, and the Geological Survey map shows 
it to be on the course of a fault, which, where it runs out among 
the subjacent strata to the North, appears to be downcast towards 
the East. This shows that the scarp has not been caused by 
elevatory action ; but the effect of the fault may possibly have 
been to harden the chalk along its course, and to turn up the edges 
of the beds, both of which effects would present obstacles to its 
denudation. A very remarkable circumstance is, that there is not a 
trace of a gravel terrace or the slightest outward indication of the 
existence here of anything except chalk, so that, had it not been for 
the geological explorations of the mouse, the deposit probably 
would have remained concealed to the present day. A small stream 
called the Hewlish runs near, but not close to, the bottom of the hill. 

Ul)on my visit, which lasted only two or three hours, with a man 
to dig for me, I did not get sufiiciently into the deposit to observe 
any distinct stratification. I found only some angular gravel, 
impacted in an extremely fine sandy silt, and in this were numerous 
fragments of ivory, disseminated, forming a constituent part of the 
gravel, much as other stones would do*. Towards the bottom of 

Possibly this had been disturbed in 1814. 
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the deposit I found the gravel much oomwr and flnbangular ; and 
here I met with a portion of a nearly wom-down molar (exhibited). 
I did not see any vestige of shells ; but I found some extremely 
curiously polished dints, of which more anon. 

Lady Michel, the present owner of the property, most courteously 
gave me the loan of the two molars which were obtained in 1813, 
and are now in her possession. Mr. Maiisel-Pleydcll has since 
carried on excavations with great success. He has sent me a section 
of the gravel-beds ; and it is interesting to compare it with that 
made by Mr. Hall 75 years ago. 


Mr. Hall’s Section. 

1. Obalk about 3 feet. 

2. White clay 2 „ 

3. Sand 3 „ 

4. Chalk ; 2 „ 

6. Gravel with large flints ... 3 „ 

6. White clay 2 ,, 

7. Chalk 


Mr. Mansel-Pleydell’s Section, 

1. Mould about 3 inches. 

2. Clmlk rubble 10 „ 

3. Fine impalpable sand 

and flints, remains of 

elephant 3 feet. 

4u Sand and ferruginous 
gravel 

5. Flint material, water- 

borne ? 

6. Sand, the lower portion 

with diflerent-sizecl 
flints ? 

7. Chalk ? 


Mr. Mansel-Pleydell has sent me some small samples of the various 
kinds of gravel that he met with. The fine sand consists of sub- 
angular grains of quartz with a few well-rounded grains probably of 
limonite, for they are not attracted by the magnet. 

We were both of opinion that the deposit has been water-borne, 
and is not the contents of a pot-hole. It is not deposited upon a 
shelf of chalk, but is undercut into the face of the escarpment. The 
length from North to South is considerable, but has not been 
exactly ascertained. The explanation seems to be that, when the 
stream formerly flowed 90 feet higher than it does at j^resent, at 
this point it undercut a cliff-like chalk-bank. A somewhat similar 
relation of the stream to a chalk-bank may now be seen on the 
north side of Poundbury, near Dorchester, and under similar cir- 
cumstances of faulting on the south side of Maiden Castle. In esti- 
mating the lapse of time which is indicated by a difference of 90 feet 
between the former and present levels of the stream, it must be 
home in mind that all surface-features are more emphasized in the 
West of England than they are in the East, the land appearing to 
have been always in a state of greater unrest. One might have 
attributed the elevation to a movement on the line of fault, had not 
the deposit been upon its downcast side. Had the elephants (for 
more than one individual has been entombed at the spot) been 
E, primigenius or E, antiqvus, their occurrence would hardly need 
to have been chronicled ; but E. meridionalis being, so far as it is 
known in this country, a pre-glacial species, this renders its occur- 
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rence, m a district in which, so fur as 1 am aware, no glacial phe- 
nomena have been certihed, more interesting, Mr, Mansel-Pleydelt 
and myself have thought it therefore worth while to bring this notice 
before the Society. 

Polished hints have been already mentioned as being found among 
the gravel. Most of these are polished only upon a portion of their 
surface. Prof. Prestwich and myself in the year 1873 found a 
deposit of gravel in Portland which, in my opinion, overlay a 
swallow-hole, where the pebbles were similarly polished, and formed 
almost a pudding-stone, the interstices being occupied by a cement 
of calcite. In that instance it appeared to me that the polishing was 
due to the long-continued percolation of water, carrying fine silt 
with it, and I suspect that a similar process has been at work at 
Dewlish since the deposit was laid high and dry, the unpolished 
portions of the flints being where they were held fast, and the 
polished surfaces the portions past which silty water has percolated. 

The discovery of the molar in 1853 by Mr. Kent led Mr. Mansel- 
Pleydell to resume the search, and he soon found a left humerus, 
four feet long. This was left protected by a covering of sacks and 
hurdles, but a rough party from a neighbouring village visited it 
on the next day, which was a Sunday, and demolished it. Since my 
visit he has continued his excavations, and, including the humerus, 
the following bones have been found* : — 

1. A left humerus 4 feet long. 

2. A radius 2 feet long. 

3. An ulna, length 2 feet 2 inches. 

4. An entire scapula with ridge and recurved process. 

5. The anterior border and fossa of a scapula 3 feet 6 inches long, 
and 9 inches from the border to the ridge and spine. 

6. The left side of a pelvis, ischium missing ; length of ilium 
a outer border 3 feet 10 inches. 

7. An ischium (?) detached ; length (transverse) 2 feet 2 inches, 
breadth at broadest end 1 foot 1 inch, at most constricted part 
inches. 

8- A femur, length 2 feet 3 inches. 

9. A tibia, length 1 foot 10 inches. 

10. The massive left alveolus of an upper jaw, the cavity of which 
corresponded with a magnificent tusk which lay near it. The orifice 
for the insertion of the latter was cylindrical and 6 inches in dia- 
meter ; the other extremity was somewhat flattened, expanding into 
a thin, wing-like plate on one side. Dr. Falconer considered the 
angle which this part makes with the frontal plane to afford a 
mark of distinction between E, meridiovialis and E, primigeniiis^ but 
unfortunately, owing to the detachment of the two, this angle 
could not be observed. The length ot the bone was 3 feet 9 inches. 

11. A tusk 6 feet 2 inches long, and 6 inches in diameter at its 
base. The point, for about 18 inches, rested perpendicularly upon a 
bed of waterworn flints, mingled with fine quartz-sand. By a bold 


* These descriptions are by Mr. Mansel-Pleydell. 
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upward ourre the middle portion, at about 1 6 inches distance, was 
raised two feet four above the base line, and from that point it lay 
nearly horizontally, though with a slight inclination downwards. 
The posterior end lay within a few inches of the alveolus just 
described. 

12. Another tusk of much larger dimensions, 7 feet 6 inches long, 
and 2 feet 3 inches in circumference at the base. About 1 8 inches 
of the anterior end missing. It was probably in this condition when 
the superincumbent bed of clay was deposited, as they are in con- 
tact. This tusk differs in shape from the preceding ; the curve 
(which bore its whole weight as it lay in the bed) had an upward 
and forward direction. Both extremities touched the clay-bed above. 
The deficient extremity probably had an outward direction. 

13. Bemains of other tusks were scattered in several parts of the 
deposit. In some places the fragments of ivory were so numerous 
as to predominate over the other materials. 

14. A molar ; crown in use 4J inches long, consisting of 6 plates 
(the anterior missing) ; 6 others unexposed and not in use. Breadth 
of fourth plate in use 3 j inches, depth inches. 

15. Another molar; crown inches long, consisting of 10 
plates. Breadth of fourth plate 3J inches ; depth from tenth plate 
(posterior) to the fang 5 inches. This molar appears to be that of a 
broad-crowned Elepluis antiquus ; although the enamel is as thick as 
in E, meridionalis, the cement-wedges are much thinner. 

16. Several other molars of Elephas meridionalis have been found, 

the whole number from the first until now being seven, including 
three plates and part of the fourth in which the digitations are worn 
down into continuous ridges. A right upper molar is figured on the 
opposite page (figs. 2, 3). (The specimen, the two tusks, the alveolus, 
the femur and the tibia, have been presented by Mansel- 

Pleydell to the Dorset County Museum.) 

17. Several isolated plates of other molars are scattered in various 
parts of the deposit. 

There is considerable variety in the various ]a3’ers of the deposit ; 
but only one of them contains bones. Some large blocks of chalk 
seem formerly to have fallen from the top, and it is to the protection 
which one of these has afforded, that Mr. Mansel-Pleydell attributes 
the preservation of the tusk. As yet no data have been obtained 
to fix the geological age of these remains. No vestiges of other 
animals have been found, nor ony shells or microscopic organisms. 
The position of the deposit, close to the summit of a lofty 
escarpment, suggests a far-gone age, which may have been even 
pre-glacial ; and the absence of any terrace-like feature may 
point to a stream of ice, abrading gravel and chalk alike down to 
a uniform cliff-like face, as having been the sculpturing agent. 
It is not, however, impossible that a stream, continuously attack- 
ing the base without meandering away, might produce such a 
cliff-like escarpment. But its unusual steepness is, no doubt, 
partlj^ due to the hardening of the chalk along the course of the 
fault. 
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rig. 2 . — Side view of Right Uppei* Molar of Elephas meridionalis, 
from DewliSif Dorsetshire, (| nat. size.) 



Fig. 3. — Grinding-surface of Right Vpper Molar of Elephas 
meridionalis. nat. size.) 








47. Seooiti) Note on the Motejcent of ScBES-MATEBtAL. By 
Charles ^Davison, M.A., Mathematical Master at B^ing Bdward^s 
High School, Birmingham. (Read June 6, 1888.) 

(Communioated by Prof. T. G. Bonkey, D.So., F.R.S., F.G.S.) 

[Abridged.] 

The first results of the experiment described in this note, namely, 
those relating to the period from May 5 to September 22, 1887, 
have already been recorded in a paper read before the Geological 
Society on February 29, 1888 

After a brief interval the experiment was continued under the 
same conditions as before, from October 4, 1887, to May 5, 1888, 
with the object of comparing the rates of descent in the winter and 
summer halves of the year, and also of determining the effects on 
creeping of rain and snow. 

Allowing a distance of J mm. for the interval of 12 days during 
which the experiment was suspended, the total descent during the 
year was 13^ ram. (i. <?. a little more than half an inch), the mean 
rate of descent being therefore *00140 inch per day. 

Comparison of the Rates of Descent during the Winter and Summer 
Months , — Dividing the year of the experiment into winter, from 
October 4, 1887, to April 3. 1888, and summer, from May 5 to 
October 4, 1887, and April 3 to May 5, 1888, we have : — 


Stnniner (184 clays) 
Winter (182 days) 


Average daily 
range of tem- 
perature t. 

. 14°-4F. 

8°'0 


Total descent 
in mm. 

8 


Bate of descent 
in inches per 
day. 
•00171. 
• 00112 . 


Had the creeping movement been proportional to the range of 
temperature, the average daily descent during the winter, compared 
with that during the summer, would have been rather less, namely 
•00095 inch per day. IS'ot only, however, is the heat of the sun 
more intense in summer than in winter, and consequently the effects 
produced by passing clouds so ranch the greater, but also for about 
three months of wintvcr the experimental stone was entirely shielded 
from the sun by surrounding houses. Clearly, then, other causes 
must have operated in producing the comparatively rajud rate of 
descent during the wiiiter months. 

Influence of Snow . — The heavy snow-storms which visited many 
parts of England during the last winter were represented at 
Birmingham by very meagre falls. Except between February 14 
and March 28, the snow seldom lay upon the ground, and when, on 
several occasions between these dates, it did lie for a short time, the 


* Quart. Journ. Geol. Soc. for May 1888, p. 232. 

t Excluding 20 days from August 6-25, and 8 days from February 15-22. 
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48. BiMonoF* 0/ lcsHft40w in the IN^obth of Isxlasd, as bbteb ^ 
umm hy the Obsksvatiofs of Gjbolooical ^mvsr. My J, 

JL Eftq. (Bead June 20, 1SB8,) 

(dooat&uttieated by Prol B. Hnui, FJELS., F.^^) > 

The Bdd obeeiTationo of the Geological Survey^ h^Bg ' 

o<BaQtplet0d» it waa considered desirable by the Director to repteis^t 
those hearing on glacifid phenomena in the northern half of 
country on a general map, scale ten miles to one inch. Batft foif' 
this werS amply furnished by the one-inch sheets already publishedj 
and by those in course of preparation, upon which the usual map- 
indications of glacial strise are numerous and distinctly shown. 
These indications consist of circles denoting the places of observation, 
lines crossing those circles giving the trends of striae, and arrow- 
heads attached thereto indicating the directions of ice-flow when 
these are determinable. 

In carrying out this transfer a remarkable circumstance became 
apparent, namely, that the striae were capable of being resolved into 
two distinct sets, nearly at right angles to each other; which 
rendered it convenient to appropriate two copies of the general map 
to the two sets of striae. The striae thus transferred have been further 
connected by continuous lines about three eighths of an inch apart, or 
have served as guides when the lines do not happen to pass through 
the exact points of observation. So constant in direction are the 
striae of each set over an area of some 16,000 square miles, that they 
maintain an almost unswerving parallelism to those continuous, 
though slightly waved lines. Comparatively few deviate more than 
a few degrees to one side or the other of the general direction, 
such deviation being adequately accounted for by local inequalities 
of the surface. Of more than 600 recorded observations, the trend 
of striae at some nine or ten points cannot be thus accounted for, and 
they have been relegated to a third copy of the general map. They 
are doubtless attributable to local ice-flows ; and as an instance 
may be cited evidence for a glacial movement southeastward from the 
Sperrin mountains of Londonderry, which at some period thus seem 
to have been the centre of an independent glacial system. Probably 
several other minor systems existed, evidences for which are now 
wanting, or merge with those going to establish more extended 
and general systems of glaciation. 

Now, while the strim to the east of a line drawn from Strangford 
Lough to Galway Bay all trend in one direction, two sets of strim 
occur north-west of that line, and these generally at right angles 
to each other, as above mentioned. This, it will be conceded, is an 
interesting fact, and cannot be accounted for, as has been attempted, 
by conceiving that the same general ice-flow could have produced 
both. The remarkable absence of two sets south-east of the line 
mentioned is perhaps the strongest argument against this supposition. 
The sequel, too, makes manifest how unnecessary such a supposition 
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is. With this may here be mentioned that both sets have been 
observed on the same flat surface in several instances, and that 
both are alike found in the valleys and on the flanks and summits 
of some of the highest hills. 

Directions of Strioe. — Of the two sets of strije referred to, the direc- 
tion of one varies from north to north-west, which, as evidence of ice- 
movement, will be considered hereafter. The direction of the second 
set is W. 25® S., swinging round to W. in Donegal, and S.W. 
towards Galway Bay, and is strikingly persistent throughout. 
The value of this fact will be appreciated when it is stated that if 
we select a few scattered points by way of illustration, the di- 
rection of striae is almost the same whether at 1200 feet above the 
sea at Gleuarm, or near the sea-level at Belfast and Londonderry ; 
700 feet above datum, S.W. of Draperstown ; 1250 in Slieve Beagh, 
CO, Tyrone ; 1200 in SI. League, co. Donegal ; 1100 in the Nephin 


Pig. 1. — Map showing Glaciation of the Northern Parts 
of the British Isles. 



Group, CO. Mayo, or on the shore of Sligo Bay. To account for 
this uniformity of direction, whether at the sea-level or more than 
1000 feet above it, whether in Antrim, Tyrone, Donegal, or Mayo, 
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we must conceive the passage of an ice-sheet of vast thickness 
across the country with uninterrupted flow. 

We proceed to show that an ice-sheet crossed the North Channel 
from the Scottish coast opposite, forming a portion of the Mer de 
glace which originated in the Central Highlands, and which we may 
for this reason speak of as “ The Scottish Glacial System ’’ (see 
Map, fig. 1). That an ice-flow has invaded the east of Antrim from 
seaward has been fully established by my colleagues Messrs. Symes 
and M®Henry, who were engaged on the Survey of that part of 
Ulster,* and who have indicated on the Government maps several 
instances of striae in this direction. Confirmatory evidence of this 
westerly movement is found ip the occurrence of blocks of the cha- 
racteristic columnar basalt of Pair Head, westward of their original 
site, included in the drift which overlies the schist and Carboniferous- 
Limestone areas near Ballycastle. Mr. Symes informs me that he 
found blocks of chalk in Carnlough Glen, due west of Glen arm, 
400 feet above the sea-level, and resting upon basalt one mile within 
its boundary, which must obviously have travelled westward and 
upward from their parent mass. Blocks of schist from Cantire 
bestrew the surface of Bathlin Island, where striae also are nume- 
rous, most of which indicate a westerly ice-movement. 

In Ayrshire and Wigton numerous striae are represented on the 
Goverment published maps, which seem separable into two distinct 
sets, as in the case of those in the North of Ireland, the directions 
moreover being strikingly similar to those maintained by the two 
sets in the Irish area. It will at once be seen that those bearing 
westward indicate an outward flow towards the Irish coast, and 
strongly suggest the connexion of this flow with that which moved 
landward from the North Channel over the counties of Antrim and 
Down. The small map published by Dr. Gcikie in his ‘ Scenery of 
Scotland ’ *, showing the glaciation of that country, clearly suggests 
the theory we maintain, and has supplied matter for the prepa- 
ration of the small map (fig. 1) accompanying this jjaper. This 
author has likewise given us numerous interesting data, with deduc- 
tions therefrom, as to the vast extension of the Mer de glace which 
centred in the Scottish Highlands. Eastward it coalesced with the 
Great Scandinavian ice-sheet, and south-westward united with the 
Irish Glacial system, so as to form a vast glacier, probably extending 
from Cape Clear to the North Cape, a distance of 1500 miles. 

Considering the movements of this ice-sheet, as it spread itself 
outward to reach the open ocean. Dr. Geikie informs us that part of 
it moved southward along the floor and over the shores of the 
German Ocean. We also know that part moved northward and 
north-westward over the Orkney Group t, and that westward it 
crossed the Minch and Outer Hebrides t, to fill the contiguous 

* Pp. 251 et seg. 

t Paper and map by Messrs. Poach and Home, Quart. Journ. Geol. Soc. 
vol. xxxvi. 

t Paper by Jas. Gcikie, LL.D., Quart. Joum. Geol. Soc. vol. xxxiv. 

Q. J.G.8. No. 176. 3 1 
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ocean-bed, probably to tbe verge of the Atlantic trougb, some 90 
miles distant from tbe Xiewisian chain of islands 

It may perhaps be questioned whether the Scottish ice-sheet, 
impinging on the Irish coast, was of sufficient thickness to breast 
and overtop the Antrim coast-line, when little less precipitous than 
it now is, and achieve those phenomena with which we accredit it 
in the Irish area. As bearing upon this interesting point, the 
following data and considerations are presented, viz. : — 

Striae bearing westward have been observedt about the centre of the 
Nephin Group, Co. Mayo, at the 1100-feet contour. Dr. J,* Geikie 
states that an ice-sheet, after crossing the Minch from the Scottish 
Highlands, attained an elevation of not less than 1600 feet in North 
Harris t; that in South TJist glaciation is traceable up to about 
1660 feet or more, on Beinn-Mhor t ; aiid that “ scratches may be 
traced .... up to an elevation of 3500 feet at least,*' in the High- 
lands §. The same author believes that ice buried Scotland to a 
depth of several thousand feet, only a few hill-tops rising above the 
general level of the Mer de glace §. And in his ‘ Scenery of Scot- 
land,' Dr. Archibald Geikie records striae at a height of 2250 feet on . 
Ben Lomond I|. 

If we conceive these points connected by an ideal plane, the 
plane would mark a minimum upward limit of glaciation during the 
period of intensest cold ; and ascending by an imperceptible gradient 
towards the Grampians, would be some 2000 feet above the present 
sear-level at the Antrim coast-line. Allowing for unobserved and 
effaced glacial traces, at higher elevations than the points referred 
to, also for the depth of ice and n^ve necessary to leave appreciable 
traces on the more elevated surfaces of rock over which the mass 
moved, the “ general level of the Mer de glace mentioned in the 
above extract, probably attained a much higher level than the plane 
which indicates the limit of observed glaciation. The ice-sheet 
probably exceeded 3000 feet in the North Channel, the present 
depth of water being 700 ; and urging its way westward, it over- 
topped the coast escarpment by some thousand feet or more. 

It has hitherto been supposed that the Irish Mer de glace was 
sufficient to obstruct the Scottish ice-current and divert it north- 
ward, after its encroachment to some extent upon the territory of 
the former. But striae have been observed bearing westward, from 
the entrance to Lough Foyle throughout the county of Donegal to 
the western sea-board, which could not have resulted otherwise than 
from ice continuous with and moving en masse with the sheet 
which blocked up the adjacent oceanic area, as ali*eady described. 
Such an ice-movement alone satisfactorily accounts for the occurrence 
of chalk-flints in the drift of Inishowen which bestrews the Northern 
Donegal coast from Inishowen Head to Malin Head. What thus 
at this period hindered the northward flow in Donegal would, a 

♦ See Messrs. Peach and Home’s map above referred to. Dr. Oroll supposes 
the ice-cliff terminating the ^eat ice-sheet westwfud to have been about 170* 
miles distant, see Chart, p. 4^, * Climate and Time,’ 1875. 

t By myself in 1878. § ‘ Great Ice Age,' ed. 1 (1874), pp. 83, 86. 

I Paper st^p. cit, p. 832. | ' Scenery of Scotland,* ed. 2 (1 w7), p. 252. 
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fortiori, further inland, hinder a northward movement; and it follows 
that we find striae in Tyrone, Fermanagh, Hayo, &c., bearing 
south of west, aU obviously due to the prevalence of a Scottish ice- 
system over the Irish, so far southward as the occurrence of west- 
ward striae warrant us to predicate its influence. Confirmatory 
evidence for the westward movement is to be found in the absence 
of granitic blocks from the Lower Boulder-day of Glen Swilly*, and 
from the boulder-clay which rests on the granite at the north 
entrance of Barnesmore Gap. Hence the ice-sheet which passed off 
the "Wigton and Ayrshire coast flowed on to Irish soil, and urged its 
way across the country, bearing previous accumulations before it, to 
escape on the western coast by the various bays of Donegal, Sligo, 
Mayo, and Galway, and over mountain groups which were unable to 
command an independent glacial system sufficient to obstruct or 
divert its flow. Dr. Hull considers that a glacial system, centred in 
the Mourne Mountains, presented such an obstacle ; and this would 
accoimt for an absence of westward striae south of the Strangford- 
Lough and Galway-Bay line. 

The Irish Glacial System (Map, fig. 2). — Much has been done by 


Fig. 2 . — Map of the North of Ireland, showing the Northr-Irish 
system of glaciation, after Professor Hull, 



the Bev. M. Close towards the elucidation of glacial phenomena in 
the Irish area + ; and his map of the glaciation of larconnaught, 

• Ab observed by Mr. M®Henry. ...... ■»* « 

t Paper on the “ Ceneral Glaciation of Ireland,’^ with Map, Joum. Boy Soo. 
Irel. voL i. new series, p. 207. 
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I. KinBhaiii a:^ ^ul^Uali^ $n : 
€ho pFepai^tl0n of tlie nmps 
in his * Physical Goc^ogy of 
d the country in considerable 

,n axis of glacial morement, 

^i^oident^th a great Antral snowfield which sent its flows north- 
ward and southward. This the author represents as stretching 
north-eastward between the counties of Galway and Antrim ; and 
it is satisfactory to be able to state that all the evidence brought to 
light since the publication of his book in 1878 goes to establish 
his conclusions beyond question, with some additional details to be 
mentioned presently. 

It has been stated in the opening pages of this paper, that the 
prevailing direction of one set of glacial strije in Ulster is northerly. 
More exactly the striae trend N. by W. in Antrim and Londonderry ; 
N.W. over the highlands of Fermanagh ; and N.E., N., and N. by W. 
iu Donegal, &c,, all indicating a northerly ice-flow. South of the axis 
of glaciation, the flow has unquestionably been south-easterly, over 
the central plain of Ireland and towards the Irish Sea, even across 
the Mourne Mountain. This group is well glaciated from the sea- 
shore at Carlingford Lough up to 1200 feot, and probably above 
it ; the Fermanagh hills up to 1000 feet, and those in Donegal to 
1340. The Irish glacial system thus attained important proportions. 

South-easterly striae abound on the east coast of the county of Down, 
and some bearing northward occur in liathlin Island. It is there- 
fore obvious that the central snow-field extended at least to the coEist- 
line of Antrim, perhaps beyond it towards the Scottish coast opposite. 
And it would seem, judging from the directions of striae in Fer- 
managh and Donegal, that a spur or projection from the central 
snow-field extended westward to the head of Donegal Bay, across 
Barnesmore Hill. 

Relative Ages . — It remains to consider the Irish and Scottish 
systems of glaciation with reference to their relative ages. 

Unfortunately the comparative freshness of striae belonging to the 
two sets when occurring in proximity has not received the special 
attention which alone could invest this class of evidence with due 
weight. For it will be remembered that until of late both sets were 
believed to indicate but one general ice-movement, and therefore to 
be practically contemporaneous. It is, however, reasonable to sup- 
pose that a very considerable accumulation of snow and ice obtained 
in the Irish area, during the period of intensest cold, while the 
Scottish system was gathering maximum strength, and that an ice- 
movement outward was concomitant with this accumulation. Such a 
movement would obviously be northward in Ulster; and would 
maintain this direction until the Scottish ice-sheet invaded this area, 
to move westward uninterruptedly. Previously formed stria} would 
thus be to a large extent effaced and replaced by those bearing 
westward. Some might remain, to indicate a more ancient date for 


prepared in eon junction with Mr* G. I 
1872, has furnished important aid m 
accompanying this paper. Dr. 
Ireland,’ has described the glaoiamon c 
. on/? ^ri Vlin iriAn * indicates a 


* P. 211. 



i3ae IbTSW pirobaH^ io^^ow ; but they would obviously be very few. 
Stite beiui^ uortbword are, however, by for the luost uumeroue ; 
from which we ccmclude that during the decline, or possibly after 
the decline and subdued revival of glacial conditions, an inde- 
pendent Irish Mer de ^Vxce flowed northward and southward, finding 
its of movement m the Ghreat Central Snow-field. 

It need scarcely be added that south of the Galway Bay 
and Strangford-Lough line, the ice-movement appears to have 
continued unchanged in direction throughout the glacial epoch, 
riTi fil the Mer de glace gave place to numerous indei)endent local 
systems, with their glaciers and moraines, which marked the 
decline and extinction of glacial conditions in this country. 


Discussion. 

Mr. commented upon the supposed partial obliteration of 

one set of striae by the ice which had produced a second ; whilst the 
latter appeared to be comparatively fresh, though overridden by a 
third ice-flow. 

The President noted that Prof. Dana had brought forward 
evidence to show that the ice passing down valleys in Connecticut 
moved in quite a different direction from that passing over the ridges. 
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49. On the Sudbxtbt Coppbb-Beposits. By J. H. Coixiks, Esq., 
F.G.S. (Read June 6, 1888.) 

[Abridged.] 

The extensive deposits of copper-ore in the neighbourhood of Sud- 
bury, to the north of Georgian Bay on Lake Huron, have attracted 
a great deal of attention during the past two years. 

The geological and mineralogical characters of the Huronian 
rocks of the Sudbury district were described by Prof. Bonney in a 
paper read before the Geological Society of London in November of last 
year ♦. The copper was discovered about the time of his visit ; but 
as he does not refer to it in his paper, I presume his attention was 
not called to it. At first it was thought to be an immensely 
important discovery, likely to revolutionize the copper-trade, 
and to reduce the price of copper, then, and for a long time 
after, only ^40 per ton, to a figure which would render such mines 
as Rio Tinto, Calumet and Hecla, and Anaconda quite unremunera- 
tive. One of the deposits, the Stobie Mine, which had been 
tested by a series of shallow trial pits, was reported to consist of 
‘‘ a mass of solid sulphides of copper and iron, 1600 ft. long and 
1200 ft. across,” the depth being supposed practically unlimited. The 
description (published only a few months before my visit in October 
1887, but written some time before) runs accurately enough 
as follows ; — “ It is in the form of a wide round hill, covered, like 
the surrounding region, with burnt trees, and in appearance it does 
not differ in any way from the other low hills around, except in 
the presence of a large proportion of oxide of iron, which gives a 
red appearance to the surface soil. Beneath this is a kind of 
* pan ' of iron oxide resembling bog iron-ore, and still deeper fi*^- 
ments of partially decomposed pyrites ” t. At first the ore-bodies 
were supposed to be as extensive as these surface-gozzans, and as 
similar gozzans may be traced at intervals for eight miles in a 
south-westerly direction as far as Kelly Lake, nearly following the 
strike of the rocks, the. most exalted notions were entertained as to 
the value of the deposits. 

The principal mine- workings are about eight miles apart. These 
are known as the Copx)er Cliff and the Stobie respectively. Other 
smaller works have been started and are known as McConnell, the 
Eyre Mine, the Evans, the Lady Macdonald, and Kelly Lake. 

Copper was first discovered at a point on the main line about 
two miles north-west of Sudbury in 1883, and the Canadian Copper 
Company was formed to work the Copper Cliff and Stobie in 1886. 

At the former place the ore was found in the face of a cliff of 
diorite forty or fifty feet high. By digging away at the foot of 
this cliff a total height of 80 or 90 ft. was soon exposed. This was 
thought to be a cutting in a veritable mountain of ore-— decomposing 

* Quart. Joum. G^eol. So& vol. adiv. p. 32. 

* Canadian Mining Beview/ Sept. 1887. 
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sulphides with oxides and carbonates near the surface, solid copper- 
pyrites with magnetic pyrites {pyrrhotite) below. Blocks of nearly 
pure copper-pyrites, weighing half a ton or more, were raised, and 
about four thousand tons of ore were actually taken out and 
shipped for smelting to New York, some assaying as high as 18 
per cent, of copper, a still larger quantity, running only 8 or 4 per 
cent., being rejected. As might have been expected, however, it 
proved to be merely a rich bunch in a cupriferous belt, and not a 
“ mountain of ore.” A shaft has been sunk following the dip of 
the belt to a depth of more than 100 feet on what seems to be a 
sort of ore-vein running diagonally across the belt, and levels have 
been commenced right and left at various depths. A section of the 
workings at the Copper-Cliff Mine is given in fig. 1. The mine is 

Eig. 1 . — Section of Ore^deposit at Copper Cliff, 

(Scale about 130 feet to 1 inch.) 

Cliff. 



a. Huronian deposits, b, Diorite. c. Ore-mass. s. Shaft on diagonal vein. 

connected with the Algoma branch by a siding about a mile in 
length, built by the Canadian Pacific Railway Company. 

At the Stobie Mine the ore-body has been exposed for a length 
of several hundred feet, and to a depth of forty or fifty feet. By 
means of bore-holes it has been tested to a further depth of 30 ft. 
A section of this deposit is given in fig. 2. It was at first thought 
that the ore dipped to the south-east, and the shaft shown at « 
was actually sunk to a depth of 70 ft. at a point about 450 ft. 
away from where the works were first started, in the assured ex- 
pectation of coming upon mineral. As none was found, a bore-hole 
was put down in the bottom of the shaft to a further depth of 
80 ft., but still without success. Another bore-hole was then com- 
menced much nearer the ore-bodjr, and inclining towards it, 
but still no ore was found, although it was carried to a depth of 
200 ft. In fact, at the time of my'^ visit, all the appearances were 
in favour of the deposit dipping to the north-west, but very 
steeply, as indicated by the section. 
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As at the Copper Cliff, a very large proportion of the ore has to 
be r^ected, being of too low a grade to bear the expense of transport 
to the smelting-works. At first an annual output of at least 

Fig, 2. — Section of Oro-de/pooU at Stohie Mine* 

(Scale about 130 feet to 1 inch.) 



a. Huronian strata, h, Diorite. c. Ore-body, a* Shaft, xx. Bore-holes. 

80,000 tons was confidently anticipated ; but up to the present time 
the total production of two seasons has not amounted to 10,000 tons. 

Some small workings have also been made at the “ 6 in 6,” the 
McConnell, the Eyre, and other places ; but none of them of any 
extent, and none have as yet yielded saleable ore. These various 
works, although so far not at all profitable to their owners, have 
yet sufficed to demonstrate several important facts. 

The ore exists in three distinct forms as follows : — 

1. As local impregnations of certain siliceous and felspathic beds 
or belts of rock of clastic or fragmentary origin, in the form of spots, 
patches, and strings of cupreous pyrrhotite, or magnetic pyrites. 

2. As contact- deposits of the same mineral lying between the 
impregnated beds just mentioned and certain large interbedded or 
intrusive masses of diorite. 

3. As segregated veins of copper-pyrites and of highly nickeli- 
ferous pyrrhotite of secondary formation filling fissures and sh rink - 
age-cracks in the ore-masses of the second class. 

There is much in this mode of occurrence to suggest that the 
copper occurring in the first mode was an original, or at least a 
very ancient, constituent of the beds, while the richer masses of 
the second and third modes of occurrence have resulted from later 
segregations into openings produced either by the intrusion of the 
diorites or by internal movements of the rocj^. 

A comparison is at once suggested with the cupreous pyrites of 
the Sierra Morena, and especially of Rio Tinto, described by me in 
1885*. Although the containing rocks at Sudbury, and the de- 

* *‘On the Geology of the Bio Tinto Mines,” Quart. Joum. Geol. Soc, 
Tol. xH. p. 245. 
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posits themselves, are so different in and in mineral character, 
yet the inodes of origin have apparently been very similar* In 
each r^on we have highly inolin^ stratified be^ penetrat^ by 
dykes of igneous origin which have followed the stratification so 
closely that they present the appearance of interbedding, and 
suggest a contemporaneous origin until very closely examined. The 
following conclusions seem to me to be fully warranted in both 
regions : — 

(1) The rocks immediately enclosing the ore-deposits were 
originally, or at a very early period, pyritous and probably cnpri- 
ferous. 

(2) The intrusions of igneous matter gave rise to lines of weak- 
ness along the planes of contact. 

(3) Subsequent fissuring and, to a certain extent, faulting oc- 
curred at these contact-planes. 

(4) The filling-in of these fissures was mainly by solution from 
the pyritous and cupreous material of the enclosing stratified rocks. 

(5) There is, in places, a pyritous breccia indicating a partial 
mechanical filling. 

(6) There is, in places, a concentration of mineral matter in 
those portions of the “ country rock^^ which adjoin the more solid 
deposits occupj’ing the fissures. 

(7) The formation of rich veinlets or leaders ” of ore within 
the masses has been the result of subsequent operations, probably 
at many very different times. These veins apj>ear to occupy minor 
faults and shrinkago-cracks, and to have been filled by segregation 
of more richly cupreous material derived from the main masses of 
pyrites. 

(8) Abundant evidonco of partial movements within the masses 
of pyrites is afforded by the numerous slickensides which are every- 
where and continually met with. 

So far, the phenomena observable in the two sets of deposits are 
parallel, if not absolutely identical. The following differences may 
now be noted : — At Sudbury the stratified rocks are Huronian, the 
intrusive masses dioritic, and the mineral deposits mainly pyrrho- 
tite, a moiiosulpbidc of iron, or nearly so, with loss than 40 per cent, 
of sulj^hur when free from foreign matter. At Rio Tinto and in 
the south of Spain generally the stratified rocks in which the 
pyritous deposits occur are Upper Devonian, the intrusive masses 
are generally, if not always quartz-porphyries, and the deposits 
always consist in the main of bisulphide of iron with 50 per cent, 
or more of sulphur, pyrrhotite being unknown. In addition to the 
great differences of age and of mineral composition, we may ob- 
serve in those two series of deposits the following differences in 
their surroundings : — 

a. At Sudbury there is little or no evidence of kaolinization of 
the felspathic ingredients of the country rocks in the immediate 

* According to B. Wimmer some of the deposits in the neighbourhood of 
Tharsis are associated with dioritic intrusions. 

Q. J. G. S. No. 176. 3 k 
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neighbourhood of the deposits. It is true there is not much felspar 
present, and that little is not orthoclase, hence perhaps the dif- 
ference in this respect. At Rio Tinto kaolinization is very marked. 

h. As at Rio Tinto and in the Sierra Morena generally, so at 
Sudbury, the actual presence of pyritous matter is indicated by the 
existence of a highly ferruginous subsoil; but in the latter region 
there are no ancient lake-deposits of iron-ore like those cappmg the 
Mesa de los Pinos at Bio Tinto ♦. This, however, is a local dif-: 
ferenoe in respect only of a secondary deposit of comparatively 
recent origin and of no genetic importance. 

In conclusion, I would remark that whatever may be the cause 
of the important differences in the nature of the pyrites at Sudbury 
and in the south of Spain, there is no reason to suppose that 
results from the differences in the containing rooks, since similar 
differences are frequently observed in the pyritous deposits of 
Canada when the country rocks are identical. It is possible that a 
more minute examination of the various Canadian deposits would 
throw light on this important subject ; but hitherto such an in- 
vestigation does not seem to have been made. 

[Note, October 22, 1888. — Yery little work has been done since 
the above was written except at the Evans Mine, where the ore is 
said to have the following average composition ; — copper 3 per cent., 
nickel 3|, iron 40, sulphur 24, rock 49 It is proposed to erect 
concentration- and smelting-works, and to ship the nickeliferous 
“ matter ” to the United States for subsequent treatment}; but as yet 
this is a proposition only.] 


Discussion. 

The Peesident observed that the comparison of these deposits 
with those of other regions constituted a valuable feature in the 
paper. 

Mr. Attwood confirmed the statements of the Author as to these 
deposits occurring in the Huronian, consisting of gneiss, quartzites, 
and clay-slates. There was an abundant occurrence of dioritos, 
which in bis opinion had brought up the metals. These dioiites 
strike N .E. and S.W. He had seen no evidence of contact-deposits ; 
the diorito-intrusions were very plainly shown intersecting the clay- 
slates, &c., by examining the railway-cutting south of Sudbury^ 
on the Algoma branch. 


* Op, cit, pp. 253, 263. 
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Aberdeen (S. Africa), section north of, 
showing the junction of the Karoo 
and Eoca beds, 261 ; section through, 
270. 

Acadian group of rocks, 805. 

Aohumore, section through, 418. 

Addaspia erinacetts, 723. 

^ zone of, 674, 683, 685, 

686, 688, 689, 690, 692, 696, 698, 
702. 

Aotinolite in greensand at base of 
Thanet Sand, 768. 

Adamson, Mr. S, A., on a recent dis- 
cover of StigmariaficoidesQ.i Clay- 
ton, Yorkshire, 376. 

Africa, South, two new Lopidotoid 
Ganoids from early Mesozoic de- 
posits of the Orange Free State, 

, , Geology of, 239. 

Agate pebbles, eroded, from the Sou- 
dan, 368. 

Agglomerates near Llangefni, 487* 

anglieus, a new Carnivore 
from the Red Crag, 228. 

Ainimike series, 801 . 

Albert Asylum well, Upper Bagshot 
in, 608, 609. 

Aldershot, Upper Bagshots in Thom 
Hill, 612. 

Allt Ealag, section from Elphin to, 
426. 

Allt Leth Sligbe, section in, 71. 

Alluvial gold, general absence of, in 
Mysore, 650. 

America, the Eozoio and Falceozoio 


rocks of the Atlantic coast of 
Canada, compared with those of 
the interior of, 797. 

Amlwch, 516. 

Ampyx ahniensiSi 724. 

j zone of, 678, 674, 682, 

685, 687, 688, 690, 695, 698. 

Analyses of Cretaceous deposits in 
Lincolnshire and Yorkshire, 358 ; 
of South- African Coals, 251 ; of 
Ardtun tachylyte, 303; of garnet 
from Mysore, 641; of “Kunker” 
from Mysore, 642 ; of epidotes, 742 ; 
of limestone under salt in Durham, 
763; of rock-salt from Middles- 
borough, 782 ; of rock-salt from the 
Saltholme borings, 782. 

Anglesey, physical history of the 
Monian rocks of, 543. 

, Pre-Cambrian rocks of, 463. 

Anniversary Address of the President, 
Proc. 4X-S4. See also Judd, Prof. 
J. W. 

Annual Beport for 1887, Proc. 8. 

Appletreeworth Bock, section across 
“ Cliff,*" 695 ; section of Farm, 696. 

Farm, ashes at, 697 ; felsite dyke 

at, 697. 

Archsean rocks of the North- west 
Highlands, 387. 

Arctic lands, Mesozoic rooks on, 815 ; 
PalfiBozoic climates of, 816. 

Ardtun, tachylyte from, 300. 

Ascot, section of Bagshot Beds at 
Hagthom Hill, near, 160 ; in South- 
Western Bailway cutting near, 166. 

8x2 
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vondon Olay, 
, 103. 

of Stockdale 


ABOgUi, Becuou ^ 

ABhSli shales, 6(50. 665, 680, 693, 
694, 700. . ^ 

Aesynt, succession of Oambnan rooks 
in, 401. 

661. 666, 686, 


687, 694, 700. 

Attwood, Mr. G-., on some of the Auri- 
ferous tracts of Mysore province. 
Southern India, 636. 

Auriferous tracts of Mysore province. 
Southern India, Mr. G. Attwood on 
some of the, 636. 

Austwick Beck, Stockdale shales on, 


706. 


Bi^hot Beds of the London Basin, 
Kev. A. Irving on the stratigraphy 
of the, 164. 

sands, Lower, 105. 

Ball, Mr. Valentine, on some eroded 
Agate pebbles from the Soudan, 
36 ^ 8 . 

, on the probable mode of trans- 
port of the fragments of granite 
and other rocks which are found 
imbedded in the Carboniferous 
Limestone of the neighbourhood of 
Dublin, 371. 

Bangor, Pre-Cambrian rocks near, 
533 ; Trilobites in the Upper Green 
(Cambrian) Slate.^ of the Penrhyn 
Quarries, Betheada, near, 74. 

and Caernarvon, map of the 

district between, 272. 

and Caernarvon area, Cam- 
brian and associated rocks in the, 
273. 

Barkham Hill, section in pits on, 176. 

Barlow, Mr. W.. on the Iv 'izontal 
movement of rocks, and the relation 
of these movements to the formation 
of dykes and faults, and to denuda- 
tion and thickening of strata, 783. 

Barren Band of the SkelgUl beds, 672, 
682, 084. 

Barton, fauna of the, 018. 

, Lower, or Highcliff Beds, 587 ; 

fauna of, 688. 

Clay, or Middle Barton, 588; 

fauna of, 589. 

Cliff, section of the, 594. 

series, 679, 682 ; of the London 

area, 606. 

Barton-on-Humber, succession of Cre- 
taceous beds at, 330. 

Basalt-dykes in Archaean gneiss of 
North-west Highlands, 390. 


Shales from, ' 

Beallocb, section from the, across 
Ooinne-mheall to Corrie Mhadaidh, 
421. 

Bearwood Hills, Bagshot beds of, 
176. 

Beaufort West, intrusive trap sheet at, 
264 ; section through, 270. 

Becton-Bunny Beds, 691 ; seotioxi of, 
692. 

Bedford, Mr. B. Lydekker on the 
EJceleton of a Sauropterygian 
the Oxford Olay near, Proc. 89, 

Beinn Lice, sections through, 416. 

Suardal, fossils from the Lime- 
stone of, 69. 

Belem nitella plena, zone of, in Lin- 
colnshire, 329 ; in Yorkshire, 346. 

Belemnite-marls in Lincolnshire and 
Yorkshire, 363. 

, minute structure of the, 357. 

Belgium, Prof. Prcstwich on the cor- 
relation of the Eocene Strata in 
England, the north of France, and, 
88 . 

BaUmostomus dnofus, 145. 

Ben Aird da Loch, section througli, 
417. 

Ben Arkle, section across, to the 
Moine tlirust -plane, 415. 

Ben Dreavic, section through, 415, 

Ben Fliuarain, section through, 424. 

Ben More, general structure of, 421 ; 
section from the Oykel valley, 
across, 423. 

thrust, 412, 418, 419, 422, 

423, 427, 428, 430, 431, 432, 433, 
435. 

thrust-plane, section from 

Quinaig to the, 418. 

Ben ITiclhe, section through, 418. 

Bethesda, near Bangor, Dr. H. Wood- 
ward on Trilobites in the Upper 
Green (Cambrian) Slates of the 
I’enrbyn Quarries at, 74. 

Birkhill Shales, comparison of, with 
Skelgill Beds, 706, 709. 

Black Bock of Clifton, insoluble resi- 
dues from the, 190. 

Blake, Prof. J. F., on the Cambrian 
and associated rocks in North-west 
Caernarvonahiro, 271 . 

, on the Monian system of rooks, 

463. 

Blocks, ejected, of Monte Somma, Dr, 
H. J. Johnst^n-Lavis, on the, JProo. 
91. 

Bodafon Mountain, rocks of, 499. 
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Bobeinia, equivalents of Stockdale 
Shales in, 7i2, 713. 

Bokkoveldt ^Beds, 214. 

BoUerup, Graptolites of, 711. 

Boniiey, Prof. T. G., on some results 
of pressure, and of the Intrusion of 
Oraoito in Stratified Palaeozoic 
Bodes x^ear Morlaix in Brittany, 

— — , on ihe Obennittweida Conglo- 
merate, its composition and altera- 
tion, 

— — , on a of the Huronian series 
in the neighbourhood of Sudbury 
(Canada), 32. 

, on the “intrusive syenite’* of 

dim IfOgan, 384. 

, Note on specimens from Mysore, 

collected by G. Attwood, Esq., 

651. 

Borth Saint, quartzite of, 478 ; view 
in. 479. 

Wen, view of, west side, 521. 

Bothriospondylus, 59. 

Boulder-clay, Low-level Marine, of 
the Dee, Mersey, and Ribble, denu- 
dation of the, 291. 

Bracheux, Sables de, 94 ; MoUusca of 
the, 96. 

Bracklesham Beds at Ilighcliff, 585. 
Sands, 107. 

Brady, Mr. II. B., on the so-called 
“ Soapstone ” of Fiji, 1. 

Braebag, section through, 424. 

Braidy Beck, (»91. 

Bray Head, Pre-Cambrian rocks of, 
535. 

Breccias of the neighbourhood of Sud- 
bury, Canada, 38- 

Breccia-series in the Bed rocks of 
South Devon, 157. 

Bridlington Drift, fossils of the, 120. 
Britain, comparison of older Palceozoic 
rocks of, with those of Nova Scotia 
and New Brunswick, 813. 

, Lauren tian in, 800. 

British Isles, map showing the glacia- 
tion of the northern parts of the, 
828. 

Brittany, Prof. T. G. Bonney on some 
results of pressure, and of the in- 
trusion of Granite in stratified 
Paheozoic rocks near Morlaix, 11. 

, Upper Lauren tian in, 800. 

Brow^ll, section at the “Bake,” 675; 
sections in, 679. 

Beds, comparison of, with Gala 

Beds, 707, 70a 

of Browgill and Stockdale, 

674. 

Brown, Mr. Barrington, discovery of 


rubies in matrix in Burmah, Froc. 

91. 

Bij^nsford, tachyiyte from near, 

Bryn Efail, plan of quarry at, 283 ; 
section in road near, 284; section 
through, 287. 

Bryntwrog, brecciated granite of, 495. 
Budleigh Salterton, Bed rooks at, 
153 ; section at, 165. 

j Vertebrate remains in the 

Triassic strata between Bidnzouth 
and, 318. 

BuffeU-river valley, Dwyka Conglo- 
merate in the, 2fe ; section in the, 
269. 

Bull-Brook, Bag^ot beds of, 165. 
Burmah, rubies in the matrix from, 
Froc, 91. 

Oadell, Mr. H. M., see Gbologioal 
Survey. 

Oae Gwyn Cave, Prof. T. M‘K. 
Hughes on the, 112. 

, N. Wales, Dr. H. 

Hicks on the, 6G1 ; Mr. O. E. De 
Banco on the, 676. 

^ fossils of Drift at, 

120; views of portions of the, 119, 
124, 125, 126 ; sections in the, 127, 
128 ; plans of the, 135, 573 ; section 
across shaft, showing the continua- 
tion of the beds over the entrance, 
563 ; flint-flake found under Drifts, 
outside the covered entrance, 564 ; 
section at north-east end of excava 
tion, October 1887, 570 ; section 
through, 574. 

Caerfai Beds, 803, 804. 

Caernaiwon and Bangor, Map of the 
district between, 272. 

Area, Cambrian and 

associated rocks in the, 273. 
Caernarvonshire, Arenigsof, 275 ; Mr. 
A. Harker on the eruptive rocks in 
the neighbourhood of Sam, 442 ; 
Pre- Cambrian rocks in, 533 ; Prof. 
J. F. Blake on the Cambrian and 
associated rocks in north-west, 271. 
Caistor, succession of Cretaceous beds 
at, 329. 

Calcaire de Mons, 90. 

Calcispha^ras Mr. E. Wethered on the 
occurrence of, in the Carboniferous 
Liuiestoue of Gloucestershire, Froc. 
91. 

CMifornia Brick-yard, clay-pit in, 
172. 

Callaway, Dr. C-, on the geology of 
the North-west Highlands, 384. 
Camawg, Pre-Cambrian rooks at, 471. 
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Cambrian, relation of, to the lime- 
stone of Strath, Skye, 70. 

— and associated rooks in North- 
west Caernarvonshire, Prof. J. F. 
Blake on the, 271. 

of Wales, fossils of the, 74. 

rocks, in the north-west High- 
lands, 400 ; in the Parph district, 
401 ; in Assynt, 401 ; in the Looh- 
Broom district, 402 ; formation of 
outliers of, by folding and denu- 
dation, 402, 4^. 

strata, metamorphism of ig- 
neous rocks .intrusive in, 434; of 
the North-west Highlands, meta- 
morphism of, 431 ; on Coinne- 
mheall, alterations of, 433. 

system of Canada, Western 

Europe, and the interior of America, 
804. 

Upper Creen Slates, discovery 

of Truobites in the, of the Penrhyn 
Quarries, Bethesda, near Bangor, 
74. 

Camdeboo Mountains, section through, 

• 270. 

Canada, Eozoic and Palssozoic rocks 
of the Atlantic coast of, in compa- 
rison with those of Western Eurcme 
and of the interior of America, Sir 
J, W. Dawson on the, 797. 

, Prof. Bonney on a part of the 

Huronian Series in the neighbour- 
hood of Sudbury, 32. 

Canisp, section from to Sgonnan 
More, 424. 

Cape Breton, Laurontian in, 799. 

Cape Colony, Prof. A. H. Glreen on 
^e Geology and Physical Geo- 
graphy of the, 239. 

, section showing the general 

geological structure of the, from the 
Zwarteberg to the Storm berg Moun- 
tains, 256, 270. 

Cape Town, generalized section from, 
to the Transvaal, 256, 270. 
Carboniferous Limestone near Dub- 
lin, probable mode of transport of 
fragments of granite and other 
rooks found iml^dded in the, 371. 
of Gloucestershire, occur- 
rence of CaloisphmrcB in the, Proc. 
91. 

Series, insoluble resi- 
dues obtained from the, at Clifton, 
186, 

system, of Canada, Western 

Europe, and the interior of Ame- 
rica, 814. 

times, Mr. J. Spencer on evi- 
dence of ice-aotion in, Proc. 93, 


Oareg Qwladys, volcanic group of, 
509 ; view of rock at, 610 ; section 
on west side of, 611 ; section look- 
ing north, 612. 

Carnivore, new, from the Bed Crag, 
228. 

Carter, Mr. H. J., on some Vertebrate 
Bemains in the Triassic strata of 
the south coast of Devonshire be- 
tween Budleigh Salterton and Sid- 
moutb, 318. 

Cave, Oae Gwyn, Prof. T. M‘K. 
Hughes on the, 112 ; Dr. H. Hicks 
on Sie, 661. 

Cave Sandstone of the Stormberg 
series, 263. 

Cefn-amlwch, section in quarry at, 
446. 

Cefn-eth-groen, junction of granite 
and pelite at, 494 ; section at, 494. 

Oemmaes, disturbed volcanic series 
near, 518. 

Central District of Anglesey, 485, 601. 

Oerrig Ceinwen, section in quarry 
near, 488. 

Oetiosauria, 86. 

Cetiosaurus, 58. 

brevis, 56. 

Chalcedony in greensand at base of 
Thanet Sand, 758. 

Chalk, condition of the, on the brow 
of the Yorkshire Wolds, 382. 

, Squatina Cranei and the man- 
dible of Belonostorum cinctus^ from 
the, of Sussex, 144. 

and Tertiaries, unconformity 

between, 759. 

Chalk-escarpment, section of, at Dew- 
lish, Dorset, 819. 

Chalk-Marl, in Lincolnshire, 324 ; 
fossils from the, in Norfolk, Suffolk, 
and Lincolnshire, 349 ; in York- 
shire, 351 ; in Lincolnshire and 
Yorkshire, 361 ; minute structure 
of the, in Lincolnshire and York- 
shire, 355. 

Ohama-beds, 590 ; fossils of the, at 
Whitecliff Bay, 605. 

Ohampemown© Memorial, Proc. 86. 

Chamwood Forest, Huronian rocks 
in, 802. 

Cheirurus birmwronatus^ var. acwnr 
thodes, 722. 

moroideSy 722 . 

Chemical composition of the Chalk in 
Lincolnshire and Yorkshire, 367. 

Chobham, Bracklesham beds of, 609. 

Bidges, 609; Bagshot beds of, 

164. 

Church Hill, Finchampstead, Bagshot 
beds of, 173. 
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'Clayton, Yorkshire, discovery of 8ttg~ 
Tnaria jicoides at, 376. 

Olegyr, section through, 287, 

Cleithrolepis Exton% 141. 

Olidgas Rocks, greenstone from, 315. 

Clifton, insoluble residues obtained 
from the Carboniferous Ijimestone 
ISeries at, 186. 

Clough, Mr. C. T., see Geological 
Survey. 

Cnoc an Droighinn, section from Loch 
Assynt to, 420. 

Cnoc an Fhuarain Bbain, section from 
Glendhu to, across the Stack of 
Glencoul, 417. 

Coal-measures of Fife, Mr. J. W, 
Kirkby on the occurrence of marine 
fossils in the, 747 ; vertical section 
of the, 748. 

of Nova Scotia, 815. 

Coals, South- African, 249 ; analyses 
of, 251. 

Coinne-mheall, alterations of Cambrian 
strata on, 433 ; sections across, 
421. 

Cole, Mr. G. A. J., on some additional 
occurrences of tachylyte, 300. 

Colesberg, trap at, 254. 

Collins, Mr. J. H., on the Sudbury 
Copper-deposits, 834. 

Colonies, Secretary of State for the, 
letter relating to discoveries of 
Gold in the Transvaal, T?roc, 3. 

Coloured bands in the Cretixceous de- 
posits in Lincolnshire and York- 
shire, 353. 

Colwyn Drifts, fossils of the 120. 

Conglomerate, Obermittweida, Prof. 
JBonney on the composition and 
alteration of the, 25 ; Prof. Hughes 
on the position of the, 20. 

of Twt-Hill, age of the, 275. 

and Porphyry, plan of junction 

of, in Twt-Hull Field-quarry, 
Caernarvon, 273. 

Coniston, 688. 

Limestone, 675, 696. 

Conocoryphe viola, 77. 

Contact metamorphism in Cambrian 
and Silurian rocks of the North- 
west Highlands, 410. 

Copper Cliff, Sudbury, section of ore- 
deposit at, 835. 

Corals of the Stockdalo series, 720. 

Corniferous Limestone, 813. 

Corrie Mhadaidb, section from one of 
the sources of the Traligillto, across 
Coinne-mheall, 421 ; section from 
the Beallocli to, 421. 

Crag, Red, a new Carnivore, Ailurus 
anglicus, from the, 228. 


Craig Oo(^, contact of granite and 
homblende-sohist at, 494. 

Craig Wen, 621. 

Craig yr-allor, dioritio rooks near, 
498 ; granite near, 496. 

Cretaceous rooks, map of the outcrop 
of, in Lincolnshire and Yorkshire, 
321. 

series, Upper, Mr. W. Hill on 

the lower beds of the, in York- 
shire and Lincolnshire, 320. 

Cromalt, section through, 426. 

Hills, section from the Knookan 

Cliff to the, 427. 

Crossopodia-group, 709. 

Cumnoria, 47. 

Cunningham, R. J. H., on the geo- 
logy of Sutherland, 380. 

Currents, transporting action of, 733. 

Cyrtograptics CrraycB, band of, 705, 
710. 

Dalton-in-Fumess, Stockdale Shales 
near, 097. 

Davison, Mr. C., on the movement of 
Scree-material, 232, 825. 

Dawkins, Prof. W. Boyd, on Ailurus 
anglicus, a new Carnivore from the 
Red Crag, 228. 

Dawson, Sir »T. W., on the Eozoic and 
Palaeozoic rocks of the Atlantic 
coast of Canada, in comparison with 
those of Western Europe and of 
the interior of America, 797. 

De Beer’s mine, Kimberley, trap at, 
254. 

Dee, Mersey, and Bibble, denudation 
of the low-level Marine Boulder- 
clay of the, 291. 

De Ranee, Mr. C. E., on the Oae 
Gwyn Cave, 576. 

Donu^tion of the Pre-Cambrian 
Land-surface in the North-west 
Highlands, 400. 

, relation of horizontal move- 
ments of rocks to, 783. 

of old land-surface before 

deposition of Old Red Sandstone, 
438. 

Devon Coast-section, Rev. A. Irving 
on the Rod-rock series of the, 149. 

Devonian or Erian of Canada, Wes- 
tern Europe, and the interior of 
America, 813. 

Devonshire, Mr. H. J . Carter on 
Vertebrate Remains in the Triasaio 
strata of the south coast of, 318. 

Dewlish, Dorset, Rev. O. Fisher on the 
occurrence of Ellephas 'iTberidionaZis 
at, 818. 

Dharwar Rock, 649. 
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“ l>h<m6 ” or. sliaee-box, for gold- 
imshing, 648. 

DiftbaAe of the Sam district, 448. 

HomWende-, of Ihe Sam 

dii^ct, 450. 

Piinetian of Laurentian age, 800. 

aoBe, 662, 

665. 6&, 688. 686, 687, 688, 603, 
694, 698, 700. 707, 715. 

JHmorphograptus confertutt zone of, 
in Skelgill beds, represented by the 
zone of Biplogfuvius veHctUosus in 
Bir!kbill sb^es, 707. 

Dinas Dinorwio, section from, to Llyn 
Padarn, 287- 

Dinas Dlwyd, disturbed masses near, 
489 ; section on ■west side of, 489. 

Dinas Mawr, section through, 287. 

Dinosaiiria, Prof. H. G. Seeley on the 
classification of the, 85. 

Dinosaurs, Mr. B. Lydekker on some, 
46. 


Diorite, formation of “ eyes ” of, in 
Hornblende-schist, 392. 

, metamorphosis of, into horn- 
blende-schist, 392. 

of the Sam district, 447. 

Diorites of central Anglesey, 497. 
J}iplograptus cvcuminaim^ zone of, in 
Browgill, 680 ; at base of Birkbill 
shales, comparison of, with same 
zone in Skelgill beds, 707. 

vcidculosics, zone of, in Birk- 

hill shales, represented by the 
zone of Dimorph/yrapitis coiifertus^ 
in Skelgill beds, 707. 

Directions of Ice-flow in the north of 
Ireland, Mr. J. R. Kilroe on the, 
827. 


Dolerite-dyke, formation of ‘*eyes” 
of diorite in, 392. 

Dolerite-dykes of the Sarn district, 
460. 


in Archaean gneiss of North- 
west Highlands, ^9. 

Donations to the Library and Mu- 
seum, VroG. 97. 

Donegal, Dr. F. H. Hatch on the 
spheroid-bearing granite of Mul- 
laghderg, 548. 

Dordrecht, S. Africa, intrusive trap- 
sheet at, 254. 

Dorset, Bev. O. Fisher on the occur- 
rence of Eltphas meridioncUis at 
Dewlish, 818. 

Down, taebylyte from, 306. 

Downton Sandstones, 814. 

Drifts of North Wal^, fossils of the, 

120 . 

Dublin, Mr. V. Ball on the probable 
mode of transport of the fragments 


of gmnite and other rooks found 
im£^ed in the Oarboniferouv 
Limestone of tbe neighbourhood 
871. 

Durham ISalt-distrxet, Mr. B. Wilsoa 
on the, 761 ; map of the, 762$ area 
of the, 773. 

Durness Lunesttme, Amenoan type of 
fossils in the, 806. 

and Eriholl, section of Si* 

lurian at, 404. 

Dusky Sound, New Zealand, Capt. 
F. W. Hutton on a hornblende* 
biotite rock from, 746. 

Dwyka conglomerate, 241 ; at Gra* 
hamstown, 242; on tbe Witte- 
bergen, 243; in the Bufiels Biver 
valley, 248. 

Dyke, basic, in Man-of-WarBook8,311. 

, felsite, at Appletreeworth Farm, 

697. 

in Quadrant Island, 313. 

Dykes, dolerite-, of the Sarn district, 
460. 

, formation of, relation of hori* 

zontol movements of rocks to tlie, 
783. 

, intrusive, in tlie Archssan rocks 

of the North-west Highlands, eifeets 
of later Pre-Cuinbrian movements 
upon, 391. 

, porphyritie and granitic, in 

the Sermgaptam area, C47, 648, 
649. 

Ba&tern District of Anglesey, 503, 613. 

Basthampstead Plain, Bagshot beds 
on north flank of, 164. 

East Hesterton, section of Bed Chalk 
at, 337. 

Ecca Beds, near Grahamstown, 244. 

Eclogite of the Melkoto area, 039, 651. 

JShr&nheryina hicornis, 5. 

El-ephas nicridionalis^ Bev. O. Fisher 
on the occurrence of, at Dewlish, 
Dorset, 818. 

Elliot lode, 646. 

Ellipaoidina elUpsoides^ var. oblonga, 5. 

Elphin, section from, to Allt Ealag, 

Encrinurus punctatus, zone of, 668, 
672, 690. 

England, marine fossils from the 
coai-racasures of, 751. 

, Prof. Prestwich on the cor- 
relation of the Eocene strata in 
Belgium, the north of France, and, 
88 . 

, Silurians of, 812. 

Enoch Bock, schist and gneiss from, 
317. 
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Miocene o{ cUanfieatiou of 

— Bwf . Ptoibivick on tke 

eoTteUilioQ ol tho, in BeV 

ond the nortia of France, 


fTjj^per, Hearn. J. S. Owcdner, 

H* and H. W. Monokton 

onthe^o?^ 

JBoeoie aiad PaUeosoio rocfca of the 
Atluitic coast of Canada, in com* 
ptuison with those of Western 
Fhiro]pe and of the interior of 
Amenca, Sir J. W. Dawson on the, 
797 . 


Epidosites, Mr. W. F. Rutley on the 
possible origin of some, 740. 
Bpidote infusions in Pre-Cambrian 
rocks of Western Anglesey, 475, 

in greensand at base of Thanet 

Sand. 758. 

Epidot^, analyses of, 742. 

£nan or DeToniau of Canada, Western 
Europe, and tlie interior of America, 
813. 


Eriboll and Durness, section of Silu- 
rian strata at, 404. 

and Ullapool, physical rela- 
tions of the strata between, 411. 

, section of Silurian strata 

from, to Ullapool, 40<5. 

ErupLiTe rocks in the neighbourhood 
of Sam, Caernarvonshire, 442, 

Escarpment of Chalk at Dewlisli, 
Dorset, 819. 

Eston-on-Tees, South Rank, boring at, 
section of the, 778, 782. 

Euiguauodonts, 51. 

Euroj)e, Western, Cambrians of, 805. 

» 1 the Eozoic and Palae- 
ozoic rocks of the Atlantic 
coasts of Canada, compared with 
those of, 797. 


Far End, Yewdale Deck, section at, 
088. 

Farley Hill, Bagshot beds of, 177. 

Faruborough, Upper Bagshots at, 612. 

Faults, formation of, relation of hori- 
zontal movements of rocks to the, 
783. 

Fauna of the Lower Beds of the 
Upper Cretaceous in Lincolnshire 
and Yorkshire, 352. 

of the Upper Bagshot Sand, 

618. 

Fe^te-dyke at Appletreeworth Farm, 

Felsites, perlitic, Mr. F. Rutley on 
some, from the flanks of the Here- 
fordshire Beacon, 740. 


Felspar m greensand at base otlhanet 
Sand,7§?. 

, eeetaoh of, from granite oi 

Hhdaghderg, 

crystals, developUMait of quartz 

and mkes of mka in, 36. 

Felftone^ porphyzitic^ foom Mysore, 
diaracters of, 652. 

F^non Beuno cave, section mquanry 
opposite, 132. 

gorge, caves of the, 113, 661. 

Flfeshn^, Mr. J, W. il^kby on the 
occurrence of marine fossils in the 
Coal-measures of, 747. 

Fiji, Mr. H. B. Brady on the so-called 
“soapstone” of, 1 . 

Finchampstead Ridges, Bagshot beds 
of, 171. 

Fish River, section across, 270. 

Fisher, Rev. O., on the occurrence of 
Eic^jhas meridiofudim at DewlisB, 
Dorset, 818. 

Fissures, production of, by horia^tal 
movements of rocks, 783. 

Flint in greensand at base of Thauet 
Sand, 756, 789. 

Flint-di^e found under drifts outside 
the covered entrance to Oae Qwyn 
Cave, 564. 

Flowing Streams, Mr. R. D- Oldham 
on the law tliat governs the action 
of, 733. 

Foliation, double, produced 1^ mecha- 
nical niovemeuts in Arch^an gneiss, 
397 ; diagram showing, 398. 

Foord, Mr. A. H., award of one 
moiety of the Lyeli Geological Fund 
to, 39 . 

Foi'aminifera, Post-tertiary, of Suva, 
Pi.ii. 8 . 

Fossils, marine, Mr. J. W', Kirkby on 
the occurrence of, in the Coal- 
measures of l ife, 747 ; in the Coal- 
measures of Scotland and England, 
750, 751. 

from the so-called Soapstone 

of Fiji, 4 ; Dinosaurian, from the 
Wealden, &c., 49, 79; from the 
Limestone of Beinn Suardal, Strath, 
69 ; of the Cambrians, 74 ; of the 
Calcaire de Mons, 90 ; of the Tha- 
net Sands, Pegwell Bay, 93; of the 
sands of Bracheux, 96 ; of the 
"Woolwich and Reading Series, 100; 
of the Basement-bed of the Loudon 
Clay, or Oldbaven Beds, 103 ; of 
the Bridlington Drift, 120; from 
the Orange Free State, 138; from 
the Chalk of Sussex, 144 ; from Uie 
Red Chalk or Hunstanton Lime- 
stone, 347 ; of the Lower Chalk of 
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Xaiux>Iiisiiire, 348 j from the €ha& 
MavI end Tottemboe Stone in 
Norfolk, Suffolk, and liinoolnshire, 
349; from the liower Chalk of 
Yorkshire, 351 ; from the Upper 
Bagshot Sand, 616 ; of the Barton 
beds, 623 ; of the Stockdale Shales, 
726. 

Box, Mr. Howard, on the gneisaic 
rocks off the Lizard, 309. 

Box Hills, sections in Upper Bagshot 
in the, 610, 611. 

Fragments of ^nit© and other rooks 
found imbedded in the Carboni- 
ferous Limestone near Dublin, 
^^bable mode of transport of, 

France, Prof. Prestwich on the cor- 
relation of the Eocene strata in 
England, Belgium, and the north of, 
88 . 

Frilled Schists, 431 . 435. 

Gabbro of the Sarn district, 447. 

Gala Beds, comparison of, with Brow- 
gill Beds, 707. 

Ganoids, Lepidotoid, from the early 
Mesozoic deposits of the Orange 
Free State, 1 38 . 

Ganton Hall, section of Lower Chalk 
near, 342. 

Garboum Pass, 685. 

Gardiner, Miss M. I,, on the Green- 
sand bed at the base of the Thanet 
Sand, 755. 

Gardner, Mr. J. S., Mr. H. Keeping, 
and Mr. H. W. Moncktou on the 
Upper Eocene, cotrmrising the 
Barton and Upper Bagshot for- 
mations, 678. 

Garnet in greensand at base of Thanet 
Sand, 757, 758. 

Garnets, crushed, in mica-schists of 
the Meikote area, 640, 641 ; analysis 
of, 641. 

, flattened, from Mysore, 651, 

Garrowby Hall, section of Bed Chalk 
near, 335. 

Garth B'erry, weathered surface of 
rook north of, 507. 

Gault of Norfolk, analysis of, 358. 

Geikie, Dr. A., on the age of the 
altered limestone of Strath, Skye, 
62. 

, on recent researches in Cae 

Gwyn Cave, 571. 

Geological Survey, report on the 
recent work of the, in the North- 
west Highlands of Scotland, based 
on. the fleld-notes and m^if of 
Messrs. B. N. Peach, J. Home, 


and H. M. Oadell* 

Glaciation of the northern part of Hie 
British Isles, map showing Hie, 8% ; 
North Irish system of, map showing 
the, 881. 

Glasven, diagram-section in west fhoe 
of, illustrating thruusts and reversed 
faults, 413 ; seotiou through, 418. 

Glauconite in greensand at base of 
Thanet Sand, 755; in the green- 
sand bed at Sudbury, 758. 

Glenbeg, section through head of, 
418. 

Glencoul, section across the Stack of, 
417. 

thrust, 412, 413, 417, 418, 420, 

421, 429, 431, 434. 435. 

Glendhu, section from, across the 
Stack of Glencoul, to Onoc an 
Fhuarain Bhain, 417. 

Glj/phasf rtpa. Dr. G. J. Hinde on the 
genus, 200. 

Gneiss, efiects of later Pre-Cambrian 
movements upon the Archaean, in 
the North-west Highlands, 395. 

, original types of. in the North- 
west Highlands, 387 ; unfoUated 
igneous rocks in, 388 ; evidence of 
mechanical movements in the for- 
mation of the, 388; igneous rooks 
injected into the, 389. 

, granitoid, from Mysore, charac- 
ters of, 652. 

Gneisses of Central Anglesey, 497 ; of 
Eastern Anglesey, 505 ; of the Mei- 
kote area, 037, 038, 642; of the 
Seringapatara area, 6^. 

GneLssic Norite of the Sarn district, 
447. 

granite of the Sam district, 444. 

rocks off the Lizard, Mr, H. Fox 

and Mr. J. J. H. Teall, on the, 309, 
314. 

Gneissoid rock from Mysore, charac- 
ters of, 651. 

Gopirtb, Pre-Cambrian rocks of, 479. 

Gold, alluvial, general absence of in 
Mysore, 650. 

, discoveries of, in the Transvaal, 

Proc, 3 ; mode of occurrence of, in 
the Meikote area, 643 ; occurrence 
of, in the Seringapatam area, 646, 
647. 

Gold-mining, native, in the Meikote 
area, 643, 649 ; in the Seringapa- 
tam area, 646. 

Gold-washing dish, sketches of a, 648. 

Grahamstown, Dvsyka conglomerate 
at, 242 ; Ecca Beds near, 244. 

, sections through, 263, 270. 





the 

^^eir^^hottzhg oJt Mallaghdwg, 

— ACttlli ^de rg, 648 ; 

nsbroMOpie eharad^en of, 6^. 

— , fragmeote of, found imbedded 
in the Oarbomf^iit LlmeBtone 
near Dublin, probable mode of 
transport of, 371. 

-, intrusive, in the west of the 

central district of Anglesey, 490. 

^ junction of, with gneiss, diorite, 

&c., near Gaulchiuai, Bias Llanfihan- 
gel, Tafarn-y-botel, &c., 492, 494. 

near Ynys-y-fyddlyn, 473; near 

Llyn TrefwU, 482. 

of Anglesey, nature of the, 495. 

of the Sam district, 444. 

paucity of, in Southern India, 

650. 

, Prof. Bonney on some results of 

the intrusion of, in stratified Palaeo- 
soio rocks near Morlaix, Brittany, 
11 . 

, veins and belts of, conversion of, 

into granitoid gneiss, 393. 

Granites, dykes of, in Archajan gneiss 
in North-west Highlands, 391. 
Granitic dyke in the Seringapatam 
area, 049. 

Granophyre bosses of Strath, Skye, 
72. 

Graptolites of the Quebec Group, 
808. 

Grasby, succession of Cretaceous beds 
at, 327. 

Greatham, boring at, section in, 782. 
Green, Prof. A. H., on the Geology 
and Physical Geography of the 
Cape Colony, 239. 

Green-earth series of the Bagshot, 183. 
Greensand bed at the base of the 
Thanet Sand, Miss M. I. Gardiner 
on the, 755. 

Greet's Hill quarry, section of Bed 
Chalk at, 336. 

Grey Bed ” in Lincolnshire, 325. 

“ Grey Bods ” in Lincolnshire and 
Yorkshire, 363. 

“ Grey Bed,” minute structure of the, 
356. 

Grey Chalk, fossils from the, in York- 
shire, 351 ; minute structure of the, 
357 ; of Lincolnshire, 328 ; in Lin- 
colnshire and Yorkshire, 363. 

Ghrits of the neighbourhood of Sud- 
bury, Canada, 40. 

Guolchmai, granite at, 491. 

Gully Hill, Upper Bagshot section in, 
612. 

Gunn* Mr. W., see Geological Survey. 


Magley 613. 

Ha^om Hilly sedxcmof Bagshot beds 
at, 166. 

'^Halagay** or Mysore gold'washing 
dish, ekfstohes of, 648. 

HalleiUntas of oential Angles(^y 496. 
Hampshire Olifis, Upper Bagdiot 
Sands in the, 580. 

Hangklip, trap at, 254. 

Haplophragmtmn rztgomm, 4. 

Harker, l£r. A., on the eruptive rooks 
in the neighbourhood of Sam, 
Caernarvonshire, 442. 

Harpes angustus, 724. 

judex, 723. 

Hartford Bridge Plats, Upper Bag- 
shot on, 612. 

llassan district of Mysore province, 
plan of part of the, 637. 

Hatch, Dr. F. H., on the spheroid- 
bearing Granite of MuUaghaerg, Oo. 
Donegal, 548. 

Heath Pool, section of Middle Bagshot 
strata at 171. 

Heersian, 91. 

Hen-bias, granite of, 495. 

Herefordshire Beacon, Mr. F. Butley 
on some perlitic felsites from the 
flanks of the, 740. 

Hicks, Dr. H., on the geology of Loch 
Maree, 38Ji. 

, on the Cae Gwyn Cave, N. Wales, 

561. 

Highclere, Bagshot beds of, 178. 

Station, Upper Bagshot outlier 

near, 614. 

Higholiff Beds, Lower Barton, 587 ; 
fauna of, 588. 

Highlands, North-west, of Scotland, 
report on the recent work of the 
Geological Survey in the, 378. 

Hill, Mr. W., on the lower beds of the 
Upper Cretaceous series in Lincoln- 
shire and Yorkshire, 320. 

Ilinde, Dr. G. J., on the history and 
characters of the genua Beptastrax, 
D’Orbigny, and the identity of its 
type species with that of Glyph- 
astresa, Duncan, 200. 

Hinton Admiral, section of Barton 
Beds near, 597. 

Hinxman,Mr.L., AwGeological Survey. 
Holaster, Mr. A. J. Jukes-Browne on 
a new species of, 3(>4. ^ 

Holvhead Island, Pre-Cambrian rocks 
of, 467. ^ ^ . 

Straits, Precambrian rooks ot area 

north of, 468. 

Home Secretary, letter from the, ac- 
knowledging the Society’s address to 
the Queen, Proc, i. 
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Hope Town, section through, 270. 

Hordwell, section at, 595 ; section 
through the Lower Headon at, 596. 

Horizontal movements of rocks, Mr. 
W. Barlow on the, 783. 

Hornblende, twinned crystal of, 551. 

Hornblende-biotite rock from Dusky 
Sound, New Zealand, Capt. F. W. 
Hutton on a, 745. 

Hornblende-diabase of the Sarn dis- 
trict, 460. 

Horblende-picrite of the Sarn district, 
454. 

Hornblende-schist, formation of eyes 
of diorite in, 392 ; from Mysore, 
characters of, 651 ; in the Melkote 
area, 639; origin of, in Eastern 
Anglesey, 503. 

Horne, Mr. John, award of the Wol- 
laston Donation Pund to, jPrcc. 
33* 

Home, Mr. J., see Geological Survey. 

Howth Hill, Pre-Caiubrian rock of, 
635. 

Hudleston, Mr. W. II., on the Glen 
Logan '* rock, 384. 

Hughes, Prof. T. M®1I., on the posi- 
tion of the Obennittweida Con- 
glomerate, 20 . 

, on the Cao Gwyn Cave, 112. 

Hunstanton Limestone, in Lincoln- 
shire, 324 ; in Yorkshire, 333 ; of 
Lincolnshire and Yorkshire, 359; 
fossils from the, in Lincolnshire and 
Yorkshire, 347 ; minute structure 
of the, 355 ; analyses of, 358. 

Huntingbridge, Upper Bagshot beds 
at, 606. 

Huron! uu, formation of, 802. 

Series, Prof, Bonney on a part 

of, in the neighbourhood of Sud- 
bury (Canada), 32, 

Sy.stem of Canada, Western 

Europe, and the interior of America, 
801 ; west of the great lakes, 801, 

Hutton, Capt. F. W. , on a Hornblende- 
biotite rock from Dusky Sound, 
New Zealand, 745. 

HylcBosaunts, 63. 

Ice-action, Mr. J, Spencer, on evidence 
of, in Carboniferous times, Vroc. 93 . 

Ice-flow, directions of the, in the 
north of Ireland, Mr. J. B. Kilroe 
on the, 827. 

Igneous rocks in Cambrian and Silu- 
rian formations of the North-west 
Highlands, 408 ; their intrusive 
character, 408 ; their horizons, 408 ; 
their distribution, 409; characters 
of, 409 ; metamorphism caused hj. 


410 ; injected into original Archsean 
gneiss after first foliation, 389 ; un- 
foliated in original Archesan gneiss, 
388 ; intrusive in Cambrian and 
Silurian strata, metamorphism of, 
484. 

Igtuinodon Dawsoni, 4cJ, 

Prestwichi, 47- 

Iguanodont, Wealden, Mr. R. Lydek- 
ker on a new, 46. 

Inchnadamfl', limestone plateau of, 
419. 

India, Secretary of State for, letter 
accompanying rubies in the matrix 
from Burniah, Proc. 91 - 

, Southern, Mr. G. Attwood on 

some of the auriferous tracts of 
Mysore province, 636. 

Intrusion of Granite in stratified 
Palajozoic rocks near Morlaix, 
Brittany, Prof. Bonney on some 
results of the, 11 . 

of igneous rocks in Cambrian 

and Silurian formations of the 
North-west Highlands, 408, 410. 

Ireland, Directions of Ice-flow in the 
north of, Mr. J . R. Kilroe on the, 
827. 

, map of the north of, showing 

theNorth-Irish system of glaciation, 
831. 

Irving, Rev. A., on the Red-Hock 
series of the Devon Coast-section, 
149. 

, on the Stratigraphy of the Bag- 

shot beds of the London Basin, 
164. 

Ischyrosaurus, 57. 

Johnston-Lavis, Dr. H. J., on the 
ejected blocks of Monte Somma, 
Proc. 94 . 

Judd, Prof. J. W. (President), Address 
on presenting the Wollaston Gold 
Medal to Mr. H. B. Medlicott, 
I*roc. 32 ; Address on handing the 
Balance of the Wollaston Donation 
Fund to Dr. A. Geikie for transmis- 
sion to Mr. John Horne, Proc. 33 ; 
Address on handing the Murchison 
Medal to Dr. A. Geikie for trans- 
mission to Prof. J. 8 . Newberry, 
Proa. 34 ; Address on handing the 
Balance of the Murchison Geological 
Fund to Dr. H. Woodward for 
transmission to Mr. E. Wilson, 
Proc. 36 ; Address on presenting 
the Lyell Medal to Prof. H. A. 
Nicholson, Proc. 37 ; Address on 
presenting one moiety of the Lyell 
Geological Fund to Mr. A. H. Foord, 
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Proc. 39 ; Address on presenting 
the second moiety of the Lyell Geo- 
logical Fund to Mr. T. Roberts, 
Proc. 39 . Anniversary Address, 
February 17, 1888, Obituary Notices 
of Deceased Fellows ; — Mr. Arthur 
Ohampemowne, Proc. 41 ; Mr. John 
Edward Lee, Proc, 4 a ; Rev. Wil- 
liam S. Symonds, Proc, 43 ; Sir 
William Vernon Guise, Proc. 44 ; 
Rev. A. H. Winnington Ingram, 
Proc, 45 ; Sir Julius von Haast, 
Proc. 45 ; Mr. Charles Henry Wil- 
son, Proc. 47 *, Mr. Alfred Morris, 
Proc. 47 ; Mr. Robert George Bell, 
Proc. 47 ; Mr. Rooke Pennington, 
Proc. 48 ; Baron de Basterot, Proc, 
48 ; Mr. Edward I’Anaon, Oapt. 
W. H. Breton, Mr. G. E. Eyre, toe 
Rev. Lord Charles Harvey, Mr. A. 
Crichton, Mr. James Baber, Dr, 
John Millar, Proc. 48 ; Prof. Bern- 
hard Studer, Proc. 49 ; Prof. Lau- 
rent-Guillaume de Koninck, Proc. 
50 ; M. J ules Desnoyers, Proc. 5 1 ; 
Dr. Ferdinand v. Hayden, Proc. 
54 ; Count Marschall, Proc. 53 . — 
Address on the work done by the 
Society and its Fellows, on the pro- 
gress of Geology, and on the relation 
between Palsoontology and Geology, 
Proc. 53 . 

Jukes-Browne, Mr. A. J., on a new 
species of Holaster, 364. 


KamraannassieBergen, section through 
the, 270 . 

Karoo Beds, 245. 

Desert, section through the, 270. 

Keeping, Mr. H., Mr. J. S. Gardner, 
and Mr. H. W. Monckton on the 
Upper Eocene, comprising the Bar- 
ton and Upper Bagshot formations, 
578. 

Keiskaina river, section across, 270. 

Kentmere, sections of Stockdale Shales 
in, 684. 

Kewenian series, 803. 

Kilmelfort, tachylyte from, 303. 

Kilroe, Mj*. J. R., on the Directions 
of Ice-flow in the north of Ireland, 
827. 

Kimberley, section through, 270. 

, trap at De Beer’s mine, 254. 

Shales, 244. 

KingWjlliam’s Town, section through, 
263, 270. 

Kirkby, Mr. James W., on the occur- 
rence of Marine fossils in the Coal- 
measures of Fife, 747. 


Knap-Hill Asylum, outlier of Upper 
Ba^hot near, 610. 

Knock, Stockdale Shales near, 699. 
Knockan Cliff*, section from the, to 
the Oromalt Hills, 427. 

“ Kunker ” of the Melkote area, 642 ; 
analysis of, 642. 

Kurck, Baron, on the Graptolites of 
BoUerup, 711. 


Labham Reefs, gneissose and schistose 
rocks from, 317. 

Rock, granulitic rocks of, 317. 

Laccolite of Mynydd Penarfynydd. 
458,459. 

Lake District and Moffat area, equi- 
valence of Graptolitic zones in the, 
709. 

Landenian, Lower, 91 ; Mollusca of 
the, 93. 

Land-surface, Cambro-Silurian, de- 
nudation of the, in the North-west 
Highlands, before the deposition of 
the Old Red Sandstone, 438. 

Langwell, section at, 427. 

Lapworth, Prof. C., on the North- 
west Highlands, 885. 

Laurentian system of Canada, Western 
Europe, and the interior of Ame- 
rica, 798. 

Lavas, subaerial, of the Stormberg 
series, 255. 

Leavening, section of Lower Chalk at, 
341 ; section of Cretaceous deposits 
at, 366. 

Lepidotoid Ganoids from the early 
Mesozoic deposits of the Orange 
Free State, 138. 

Lewisian, 800. 

Lias, relation of, to the limestone of 
Strath, Skye, 71. 

Limestone, altered, of Strath, Skye, 62 ; 
under the Salt in Durham, analyses 
of, 763. 

plateau at InchnadamiBF, 419. 

Limestones, sporadic, in the pelites 
of Anglesey, 476, 488, 508. 

Lincolntoire, general succession of the 
Lower beds of the Upper Cretaceous 
in, 331. 

, South and Central, sections of 

Upper Cretaceous beds in, 366. 

, stratigraphy of the Upper Cre- 
taceous series in, 322. 

and Yorkshire, Mr. W. Hill on 

the lower beds of the Upper Creta- 
ceous series in, 320. 

Lithology of the Limestone of Strath, 
Skye, 65. 

Lizard, Mr. H. Fox and Mr. J. J. H. 
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Teall on the Gneissio rocks off the, 
809, 314. 

rjlanbadrig, coast near, 518. 

Uanberis, Pre-Cambrian quartss-felsito 
of, 633. 

lilandovery, occurrence of Stockdale 
fossils in the, 713. 

Llandrygam, dioritio rocks of, 498; 
granite of Hen-bias, near, 495. 

Ijlaneilian, 516. 

lilanerchymedd, rocks near, 601. 

lianfaelog, granite of, 495. 

Llanfech^ Grit, 515. 

lilanfihangel, dioritic rock near, 499. 

Xlangaffo cutting, section in, 506. 

Lilangefin, agglomerates near, 487. 

Ueyn Peninsula, Monian rocks in the, 
530. 

Uyn’Padam, section from Hinas Hi- 
norwic to, 287. 

and Moel Tryfaen, conglo- 
merate &c. of, 281. 

Llyn Trefwll, granite near, 482 ; plan 
of ground 'west of, 483. 

Loanan river, section by the, 424. 

Loch Assynt, section from, to Onoo an 
Hroighiun, 420. 

Loch-Broom district, succession of 
Cambrian rocks in, 402. 

Loch Glendhu, microcline-mica dyke 
in Archcean gneiss at, 390 ; section 
between Strath nan Oarran and, 
415. 

Loch Leathaid Bhuain, section 
through, 41.5. 

Loch More, section of the ground 
between, and Strath nan Carran, 
415. 

Loch na Cagrach, section through, 
417. 

Londesborough, sections of Lower 
Chalk near, 340, 340. 

London area. Barton series of the, 
606. 

Basin, Rev. A. Irving on the 

stratigraphy of the Bagshot Beds 
of the, 164. 

, Upper Bagshot Sands in 

the. 580. 

Clay, 105 ; basement bed of the 

102 ; Mollusca of the, 103. 

Long-Mead>End ISands, 593. 

Longmore, well-section at, 173. 

Longmynd, Monian rocks in the, 642. 

Iiouth, section of Cretaceous beds 
near, 327. 

Lower Bagshot sands, 105. 

Barton, or Higholiff Beds, 687 ; 

fauna of, 688. 

Browgill beds, 676, 678, 686, 

687, 692, 699. 


Lower Chalk in Yorkshire, 888, 389 
of Lincolnshire, fossils from the, 
848 ; of Yorkshire, fossils from the, 
351. 

Headon, section through, at 

Hordwell, 696. 

Limestones of Clifton, organisma 

from the, 187. 

Limestone Shales of Clifton, in- 
soluble residues from, 190. 

Lower Skelgill beds, 660, 665. 

Lydekker, Mr. R., on a new Wealden 
^uanodont and other Hinosaurs, 

, on the skeleton of a Sauroptery- 

gian from the Oxford Clay, near 
Bedford, JProc. 89. 

Lyell Geological Fund, award of the, 
to Mr. A. H. Foord and Mr. T. 
Roberts, Proc. 39. 

Medal, award of the, to Prof. H. 

AUeyne Nicholson, Proc. 37. 

Macculloch, John, on the North-west 
Highlands, 379. 

Maen Qwyn Farm, plan of, 493. 

Maen-yr-esgjyll quartzite, 478. 

Magn^ite in greensand at base of 
Thanet Sand, 757. 

Malmesbury beds near Cape Town, 
240, 241. 

Malvems, Huronian in the, 802 ; 
Upper Laurentian in the, 800. 

Malvin, gneiss from, 317. 

Man-of-War Rocks, 309, 310, 311. 

^ gneiss and greenstone from, 

315. 

Map of the district between Bangor 
and Caernarvon, 272. 

of the Hurham Salt-district, 

762. 

of the Lizard and adjacent rocks 

and reefs, 316. 

of the Outcrop of Cretaceous 

Rocks in Lincolnshire and York- 
shire, 321. 

of the Sam district, 443. 

showing glaciation of the north- 
ern parts of the British Isles, 828 ; 
of the North of Ireland, showing 
the North-Irish system of glaciation, 
831. 

showing the position of some of 

the auriferous lands in Mysore pro- 
vince, 636. 

showing Upper Bagshot Sands 

of Bagshot area, 616. 

showing glaciation of the 

northern parts of the Britiidi Isles.. 
828. 

of the north of Ireland, showing 
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the North«Irish ayttom of glacia- 
tion, 831. 

Marine fosalls, occurrence of, in the 
Coal-meaeurea of Fife, 747. 

Marr, Mr. J.E., and Prof. H. A. Nichol- 
son on the Stockdale Shales, 

Mealy Gill, section in, 68 d. 

Medlicott, Mr. H. B., Award of the 
Wollaston Gold Medal to, Proc. 32 . 
Me^osaurus, 59. 

Meirings Poort, scolion in, 257. 

Melin Bdrydwy, section on west side 
of stream at, 491. 

Melkote area, 637 ; plan of the, 637 ; 
section of the, 638 ; rocks of the, 
637, 649. 

Men Hyr, gneissose rock from, 314. 
M^n Par, gneissose rock of, 317. 
Mersey, Dee, and Ribblo, denudation 
of the Low-level Marine Boulder- 
clay of the, 291. 

Mesozoic deposits, early, of the Orange 
Free State, two new Lepidotoid 
Ganoids from the, 138. 

rocks, deficiency of, in Eastern 

Canada, 815. 

Metamorphism of Cambrian strata in 
the North-west Ilighlands, 431 ; of, 
Silurian strata, 433. 

of the Igneous rocks intrusive in 

the Cambrian and Silurian strata 
of the North-west Ilighlands, 434. 

produced by intrusive rocks in 

the Cambrian and Silurian strata of 
the North-west Ilighlands, 410. 
Mica, development of fiakos of, in 
felspar crystals, 36. 

Micaceous layers, overfolding of, along 
thrust-planes in Archaean gneiss, 

397. 

Mica-schists of Eastern Anglesey, 
605. 

of the Melkote area, 638, 639, 

640, 641, 649. 

Microcline-mica, conversion of, into 
mica-schists, 393. 

dyke in Archaean gneiss at Loch 

Glendhu, 390. 

Middle Barton, or Barton Clay, 588 ; 
fauna of tlie, 589, 

— — — Chalk in Lincolnshire and York- 
shire, 364 ; minute structure of the, 

367. 

Limestones of Clifton, organisms 

from the, 188; insoluble residues 
from the, 191, 

Skel^l beds, 665, 672, 687, 

702. 

Middlesborough, borings at and near, 
* 761, 763, 764, 765 ; boring oppo- 

site, section of the, 779, 782. 
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aiBcovery of Bock- 
salt at, 761, 766. 

Mmute Bt^cture of Cretaceous beds 
Yorkshire, 354. 
insoluble residues 

Moel Tryfaen, Pre-Cambrian quartz- 
felsite of, 533. 

Moel Tryfaen and Llyn Padam, Con- 
glomerate &c. of, 281. 

Moffat area and Lake District, equi- 
valence of Graptolitic zones in the, 
706, 709. 


Moine thrust, 412, 414, 416, 418, 423. 
425, 426, 428, 430, 434, 435, 486. 

thrust-plane, section across 

Ben Arklo to the, 415 ; sucoessiun 
of strata above the, 436. 

Molteno, section through, 270. 

Beds, 246 ; coals of the, 248. 

Monckton, Mr. II. W., Mr. J. S. 
Gardner, and Mr. H. Xeeping on 
the Uj)per Eocene, comprising the 
Barton and Upper Bagshot forma- 
tions, 578. 

Monian system of rocks, Prof. Blake 
on the, 403. 

system, arrangement of groups 

in the, .^>30 ; table of distribution of 
the rocks of the, 539 ; subdivisions 
of the, 641 ; development of, in 
other areas, Lon gray nd, St. David’s, 
Wrekin, 542. 

Monoqruptub araet/feus, zone of, 669, 
672, 690. 

Clinqavi, band of, 673, 674, 682, 

684, G9;5, (>98. 

, band of, in Skelgill Beds 

and Birkhill Sliales, 708. 

convohctuSf zone of, 671, 672, 

680, 684, 088, 695, 702. 

crUjttts, zone of, G77, 678, 685, 

• 687, 090, 092, 003, 699, 705 ; zone 
of, in the Gala Group, 709. 

fimhrmtub, zone of, 667, 672,680, 

685, 086, 689, 695, 699, 702. 
, arycntcus, and convolutuSf 

zones of, in the Skelgill Beds, re- 
presented by the zone of M. yre- 
gartvs in the Birkhill Shales, 707. 

. ynyariNSf zone of, iii Birkhill 
Shales, represented by the zones of 
31. JvmhriutiiSf arqcntcu&y and con- 
volutub in the Skelgill Beds, 707. 

spinigeru^^ zone of, 073, 674, 

682, 085, 080, 089, 690, 091, 095, 
698, 702 ; zone of, in SkelgiU Beds 
and Birkhill Shales, 708. 

turriculatus, zone of, (>76, 678, 

690, 692, 699, 704, 705 ; zone ol‘, 
in the Gala Group, 709. 
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Mons, Oalcaire de, 90. 

Monte Somma, Dr. H. J. Johneton- 
Davis on the ejected blocks of, Jhroc. 

Morlaix, Prof. Bonney on some re- 
sults of pressure and of the intrusion 
of Q-ranite in stratified Paheozoio 
rooks near, 11. 

Morosaurus, 56. 

Mortars in gneiss, Serin gapatam area, 
646. 

Morton, Mr. Q-. H., on recent re- 
searches in Cae G-wyn Gave, 671. 
Movement of Scree-material, Mr. O. 

Davison on the, 232, 825. 
Movements, horizontal, of rocks, Mr. 

W. Barlow on the, 783. 
Mullaghderg, Donegal, Dr. F. H. 
Hatch on the spheroid-bearing 
granite of, 548. 

Murchison, Sir B. I., on the North- 
west Highlands, 380, 382. 
Murchison Geological Fund, award 
of the, to Mr. Edward Wilson, 
Prf>c. 36. 

• Medal, award of the, to Prof. J. 
S. Newberry, Proa. 34. 

Mynydd Llwyddiart, area south-west 
of, 509. 

Penarf^niydd, section through 

southern end of, 458. 

Roscolvn, section in gorge below, 

478. 

Mysore, Prof. Bonney on specimens 
from, 651. 

plateau, general characters of 

the, 650. 

province, Mr. G. Attwood on 

some of the Auriferous tracts of, 
636. 

Nanny Goat’s House, Speeton, section 
of cliffs near, 366. 

Narasimha Temple, .section through, 
638. 

Newberry, Prof. J. S., award of the 
Murchison Medal to, Proc. 34. 

New Brunswick, Cambrians of, 804 ; 
comparison of older Palieozoic rocks 
of, with those of Britain, 813; 
Huronian of, 802, 803 ; Laurentiaii 
in, 799, 800 ; Ordovician in, 807, 
811 ; Silurians of, 812. 
Newfoundland, Cambrians of, 804, 

806 ; Huronian rocks of, 801, 803 ; 
I/aurentian rocks of, 799 ; Silurian 
rocks of, 81 1 ; Quebec j^oup in, 

807 ; Trenton Limestone in, 807. 
New Zealand, Capt. F. W. Hutton on 

a hornblende-biotite rock from 
Dusky Sound, 745. 


Nicholson, Prof. H. A., award of the 
Lyell Medal to, Proc. 37. 

, and Mr. J. B. Marr on the 

Stockdale Shales, 654. 

Nicol, James, on the North-west 
Highlands, 380. 

Nieuw veldt mountains, section through 
the. 270. ' 

Nodosaria longiscata, 6. 

Norfolk, analysis of Gault of, 358. 

, section of Upper Cretaceous 

beds in north-west, 366. 

Northern district of Anglesey, 513, 
623. 

North Ormesby, boring at, 766; 
section in, 782. 

Norway, occurrence of Stockdale- 
shale fossils in, 713. 

Nova Scotia, Cambrians of, 805 ; 
Ordovician in, 807 ; Carboniferous 
series in, 814, 815 ; comparison of 
older Palreozoic rocks of, with those 
of Britain, 813 ; Silurian rocks of, 
811; Triassic Red Sandstone of, 815. 

Nummulite-band at base of Barton 
series, 587. 

NummtdUcs eleffan.% zone of, fossils of 
the, at Whitecliff Bay, 606. 

variolarim bed at Selsey, 605. 

Obermittweida Conglomerate, Prof. 
Bonney on the composition and 
alteration of the, 25. 

^ Prof. Hughes on the 

position of the, 20. 

, section across the valley at, 22 ; 

matrix of conglomerate of, 26. 

Ogo-gj'fwr, section at, 519. 

Oldham, Mr. B. D., on the law that 
governs the action of flowing 
streams, 733. 

Oldhaven Beds, 102 ; Mollusca of the, 
103. 

Old Bed Sandstone, 813. 

, denudation of Cambro- 

Silurian land-surface before the 
deposition of the, 438. 

Oliphants River, section across, 270 ; 
conglomerates of the, 264. 

Valley, section showing the 

position of the Conglomerate of the, 
257, 270. 

Orange Free State, South Africa, Mr, 
A. S. Woodward on two new Lepi- 
dotoid Ganoids from the early 
Mesozoic deposits of the, 138. 

Ordovician System in Canada, 
Western Europe, and the interior 
of America, 807. 

Organic remains in greensand at base 
of Thanet Sand, 758. 
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Organiams of the Carboniferous liime- 
Btone series at Clifton, 187. 

•Omithiscbia, 86 . 

Ormthopsis Htilkei, 64. 

Ostracoda in Foraminiferal deposits in 
Fiji. 7. 

Otter Mouth, Bed rocks at, 163. 

Oaghton, boring at, 764. 

Ou tliers of Cambrian strata, formation 
of, in Pre* Silurian time, by folding 
and denudation, 402, 403. 

Oxford Clay, Sauropterygian from the, 
near Bedford, Proc. 89 . 

Oykel, river, alterations of Cambrian 
strata on the, 433. 

Valley, section from the, across 

Ben More, 423. 

PalcBontology of the Limestone of 
Beinn Suardal, Skye, 69 ; of the 
Cambrians, 74; of the Calcaire de 
Mons, 90 ; of the Thanet Sands, 93 ; 
of the sands of Brachcux, 96 ; of 
the Woolwich and Reading series, 
100 ; of the Oldhaven Beds, 103 ; 
of the Bed Chalk, 347 ; of the Lower 
Chalk of Lincolnshire, 348 ; of the 
Chalk-marl and Totternhoe Stone, 
^9 ; of the Lower Chalk of York- 
shire, 351 ; of the Upper Bagshot 
Sand, 616 ; of the Barton Beds, 
623 ; of the Stockdale Shales, 726 ; 
of the Fifeshire 0 oal-m<;asures, 747. 

PaloBopicrite-dykes in Archaean gneiss 
of North-west Highlands, 3tM). 

Pal^eoz!oic rocks, stratified. Prof. 
Bonney on some results of pressure 
and of the intrusion of Granite in, 
near Morlaix, Brittany, 11. 

and Eozoic rocks of the At- 
lantic Coast of Canada, in com- 
parison with those of Western 
Europe and of the interior of 
America, Sir J. W. Dawson on the, 
797. 

Pant-y-bwlet, section in Quarry near, 
526. 

Parph district, order of succession of 
Cambrian rooks in the, 401 . 

Parys Mountain, Anglesey, district 
east of, 624, 630. 

Peach, Mr. B. N., see Geological 
Surv^. 

Peach, C. W., on fossils in the Dur- 
ness Limestone, 380, 382. 

Pebble-bed at base of Upper Bagshot, 
608. 

Pebidian, Huronian age of the, 802. 

Pegmatites, formation of, in hom- 
blende-schist and granitoid gneiss, 
393 

a.J.G.S. No. 176. 


Pelite, lenticular, 472 ; of Oamawg, in 
Anglesey, 472; of Central Anglesey, 
496. 

Pelorosaurus, 66 , 57 . ' 

Pen-Craig, section from, to south of 
Sara, 449. 

Pen Ervan, gneissose and schistose 
rocks Trom, 317. 

Pen- Ion, section iu quarry east of, 603. 

Penrhyn Quarries, Bethesda, near 
Bangor, Trilobites in the Upper 
Green (Cambrian) Slates of, 74. 

Pen-y-parc, Cemmaes, looking east, 
618 ; quartz-knob at, 608. 

Peridote-dykes in Archman gneiss of 
North-west Highlands, 390- 

Peridotites, conversion of, into talcose 
schists, 393. 

Perlitic felsites, Mr. F. Rutlw on 
some, from the flanks of the Here- 
fordshire Beacon, 740. 

Permian deposits of the South Devon 
Coast, 160. 

and Triassic rocks of the Durham 

district, classification of the, 767. 

Petalograpt'us comefa, zone of, in the 
Birkhill Shales, 708. 

Phacops elegans, 720. 

, var. glaher^ 721. 

TMicronatuii, 721. 

glabcr, zone of, 670, 672, 681, 

688 , 690, 695, 702. 

Picrite, hornblende-, of the Sara 
district, 454. 

Pipe-rock zone, 403. 

Pirbright, Upper-Bagshot outlier 
near, 611, 

Plan of farmyard of Maen Gwyn, 
493. 

of ground west of Llyn Trefwll, 

483. 

of junction of Porphyry and 

Conglomerate, in Twt Hill Field- 
quarry, Oaermirvon, 273 ; of Twt 
Hill, 274. 

of quarry at Br^m Efail, 283. 

of Aiore west of Porth-y-ly-wod, 

491. 

of the Seringapatam area in 

Mysore, 644. 

of the district east of Melkote. 

in the Hassan district of the My- 
sore province, 637. 

snowing deflection and disrup- 
tion of dj^es by vertical thrust- 
planes, 394. 

showing displacement of a 

quartz-vein, 640. 

Plans of Oae Gwyn Cave, 135, 673. 

Plas Llanflhangel, relations of granite 
and gneiss at, 492. 
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Poaka Beck, Stookdale Shales of, 697 ; 

seotion at, 698. 

Point j^Elianus, 516. 

Pont-rhyd-defaid, dioritic rooks near, 
498. 

Porphyritic dykes in the Seringapatam 
area, 647, ^8. 

felstone, from Mysore, characters 

of, 652. 

Porphyry and Conglomerate, plan of 
junction of, in Twt Hill Field- 
quarry, Caernarvon, 273. 

of Llyn Padarn and Moel Try- 

faen, 282. 

Port Clarence, boring near, section in, 
779, 782. 

Forth Llanlliana, view in, looking east, 
520. 

Llechog, plan of hill-crest west 

of. 522. 

Rhyffydd, cleavage and con- 
tortion shown at, 481. 
Porth-y-defaid, Pre-Cambrian rocks 
at, 468, 472. 

Porth-y-ly-w'od, plan of shore west of, 
491. 

Post-glacial time, Mr. T. Mellard 
Beade’s estimate of, 291. 

Potsdam Sandstone, 806. 
Pre-Cambrian land-surface,' denuda- 
tion of the, in the North-west High- 
lands, 400. 

movements, later, in the Archaean 

rocks of the North-west Highlands, 
391 , 399 ; effects of, on the intrusive 
dykes, 391 ; effects of, on the gneiss, 
395. 

rocks of Anglesey, 464, 466 ; of 

the Lleyn Peninsula, 530. 

Pres8iu*e, Prof. Bonney on some re- 
sults of, in stratified Palaeozoic rocks 
near Morlaix, Brittany, 11. 
Prestwicb, Prof. Joseph, on the Corre- 
lation of the Eocene strata in Eng- 
land, Belgium, and the north of 
France, 88. 

Prince Albert, section through, 
270. 

Prince-Edward Island, Triassic red 
sandstone of, 815. 

Pre^tm brachypj/gus, 725. 
Froiguanodonts, 61. 

PuUan, section through, 426. 

Pull B^k, Stockdale Shales in, 687. 

Quadrant Island, 312, 313 ; granulite 
and greenstone of, 317. 

Quartz and fiakes of mica, develop- 
ment of, in felspar crystals, 36. 

in greensand at base of Thanet 

sand, 755, 


Quartz, micro-crystals of, in the Car- 
boniferous Limestone at Clifton, 
194. 

knobs in the rocks of Angle- 
sey, 476, 488, 608 ; at Pen-y-parc, 
Beaumaris, 508. 

Quartzite, slickensides on, 639 ; of the 
Melkote area, 640. 

of the neighbourhood of Sudbury, 

Canada, 35 ; of the Zuurbergen, 
Zwartebergen.and Wittebergen,240, 
241. 

Quartz-rock of.the Seringapatam aree,, 
646. 

Quartz-veins, displacement of, 640 ; 
downw'ard attenuation of, in the 
Melkote area, 643 ; double faulting 
of, 644. 

Quebec Croup, 807, 808. 

Quinaig, section from, to the Ben- 
more thrust-plane, 418. 

Quiraing, Skye, tachylyte from, 304. 

JRastrites maximm, zone of, 703; in 
Skelgill Beds and Birkhill Shales, 
708. 

Bawthey, river, Stockdale Shales on, 

705. 

Beade, Mr. T. Mellard, an estimate of 
Post-glacial time, 291. 

Bed beds of the Storm berg series, 253. 

Bed Chalk, anal5’^8e8 of, 358; fossils 
from the, in Lincolnshire and 
Yorkshire, 347 ; minute structure of 
the, 355 ; in Lincolnshire, .324 ; in 
Yorkshire, 333 ; of Lincolnshire and 
Yorkshire, 3.59. 

Bed Crag, Allurus anqliciis, a new 
Carnivore from the, i^28. 

Bed-Book Series of the Devon coast- 
section, Bev. A. Irving on the, 149. 

Begnosaurus, 53. 

Beport on the recent work of the 
Geological Survey in the North- 
west Highlands of Scotland, 378. 

Besidues, insoluble, obtained from the 
Carboniferous Limestone Series at 
Clifton, 186. 

Bhosbeirio Shales, 515. 

Bhyl, fossils of the drift at, 120. 

Bibble, Dee, and Mersey, denudation 
of the Low- level Marine Boulder- 
clay of the, 291. 

Valley, Stockdale Shales in, 

706. 

Bio Tinto, comparison of ore deposits 
of, with those at Sudbury, Canada, 
836. 

Boberts, Mr. T., award of one moiety 
of the Lyell Geological Fund to, 
Proo, 39. 
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Book -fragments imbedded in Carboni- 
ferous Limestone near Dublin, 
probable mode of transport of, 
371. 

Book-mortars in gneiss, Sexingapatam 
area, 646. 

Book-salt, discovery of, at Middles- 
borough, 761, 766. 

Books east of Parys mountain, Pre- 
Oambrian age of the, 624 ; eruptive, 
in the neighbourhood of Sarn, Caer- 
narvonshire, 442 ; horizontal move- 
ments of, Mr. W. Barlow on the, 
783; South African, classification of, 
240. 

Boscolyn, South-Stack series near, 
477. 

Bubies, in the matrix, from Burmah, 
Proc. 91. 

Butile in greensand at base of Thanet 
Sand, 757. 

" ’ , Mr. S'., on perlitio felsites, 

2 ably of -Ajchajan age, from the 
8 of the Herefordshire Beacon, 
and on the possible origin of some 
Epidosites, 740. 


Sables de Bracheux, 94; MoUusca of 
the, 96. 

St. Asaph Drift, fossils of the, 120. 

St. David’s, Monian rocks at, 543. 

Salcombe Dingle, Bed-rocks at, 160. 

Saliferous rocks of Durham, strati- 
grapliical position of the, 765. 

Salt, working of, in the Durham 
district, 776. 

Salt-di.strict of Durham, Mr. E. Wilson 
on the, 761 ; area of the, 773. 

Saltliolme, boring at, section in, 779, 
782. 

Sandhurst, Upper Bagshots at, 613, 
614. 

Sands, Upper Bagahot, 680; Thanet, 
greensand at base of, 755. 

Sanspareil, granulite and greenstone 
of, 317. 

Sarn, Caernarvonshire, Mr. A. Harker 
on the eruptive rocks in the neigh- 
bourhood of, 442. 

, section from Pen-Craig to near, 

449. 

district, map of the, 443. 

Saurischia, 86. 

Sauropoda, 63, 86. 

Sauropterygian, Mr. B. Lydekker on 
the skeleton of a, from the Oxford 
Clay, near Bedford, Proc. 89. 

Scandinavia, Huronian in, 802. 

Scania, representatives of Stookdale 
Shales in, 710. 


Soelidosauridse, 62. 

Schists, frilled, 431, 435. 

Schoorstein Berg, section through the, 
270. 

Scotland, equivalents of Stockdale 
Shales in, 706. 

, report on the recent work of 

the Geological Survey in the North- 
west Highlands of, 378. 

, west, marine fossils from the 

Coal-measures of, 750. 

Scree-material, Mr. C. Davison on the 
movement of, 232, 826. 

Seaton Oarew, borings at and near, 
764, 765 ; sections in, 781, 782. 

Sections ; — across the valley at Ober- 
mittweida, 22 ; at Torr Mor, Bore- 
raig. Loch Eishort, 68 ; in Allt 
Leth Slighe, Strath, 71 ; in Cae 
Gwyn Cave, 127, 128 ; in quarry 
opposite Pfynnon Beuno Cave, 132 ; 
showing junction of the Budleigh- 
Salterton Pebble-bed and Permian 
Marls, 156 ; of Eocene Beds, Didcot 
and Winchester Railway, 179; in 
the valley of the Buftels River, 259 ; 
north of Aberdeen, showing the 
junction of the Karoo and Ecca 
beds, 261 ; sliowing the general 
geological structure of the Cape 
Colony from the Zwarteberg to the 
Stormberg Mountains, 266, 270 ; 
generalized, from Cape Town to the 
Transvaal, 266, 270 ; showing the 
position of the Conglomerate of the 
Oliphants Valley, 257, 270 ; through 
Grahams! own and King William’s 
Town, 263, 270 ; at Twt-Hill Field- 
quarry, Caernarvon, 273 ; in road 
near Bryn Efail, 284 ; from Dinas 
Dinorwic to Llyn Padam, 287 ; in 
Speeton Cliff, 354 ; of lower beds of 
the Upper Cretaceous series in 
North-west Norfolk, South and 
Central Lincolnshire, and South 
Yorkshire, and at Leavening and 
Speeton, 366 ; of original Archaean 
gneiss, 389 ; of overfolding of 
micaceous layers along thrust- 
planes in Arcliaan gneiss, 397 ; 
showing doublefoliation in Archaean 
gneiss, 398 ; in the Parph district, 
401 ; of Silurian strata at Durness 
and Eriboll, 404 ; of Silurian strata 
from Eriboll to Ullapool, 406 ; in 
west face of Glasven near iJooh 
Gamnheaoh, 413 ; across Ben Arkle 
to the outcrop of the Moine thmst- 
plane, 415 ; showing structure of 
ground between Loch More and 
Strath nan Carran, 416; showing 
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structure of ground between Strath 
nan Carran and Lodi 01endbu, 416 ; 
from Glendhu across the Stack of 
Olenooul to Cuoc naFhuarainBhain, 
417 ; from Quinaig east to the Ben- 
More thrust-plane, 418 ; from Loch 
Afisjnt to Cnoc an Broighinn, 420 ; 
across Ooinne-mheall from one of 
the sources of the TraligiU east to 
Oorrie Idhadaidh, 421 ; from the 
Bealloch across Coinne>mheall to 
Oorrie Mhadaidh, 421; from the 
Oykel Valley across Ben More, 423 ; 
hiom Canisp to Sgonnan More, 424 ; 
from Blphin to Allt Ealag, 426 ; 
from the Knockan Cliff to the 
Cromalt Hills, 427 *, along Strath 
Kanaird at Langwell, 427 ; south of 
IJllapool, 428 ; of Cambrian strata 
on Coinne-mheall, 433 ; in the most 
southerly quarry at Cefn-Amwlch, 
446; from Pen- Craig to south of 
Sam, 449; through the southern 
end of Mynydd Penarfynydd, 458 ; 
in gorge below Mynydd Roscolyn, 
478 ; in Borth Saint, Boscolyn, 479 ; 
showing running of one bed at 
South Stack, 480 ; in quarry 1^ mile 
south of Cerrig Oeinwen, 488; on 
west side of Dinas Llwyd, 489 ; on 
west side of stream at Melin Ddry- 
dwy, 491 ; at Cefn-eth-groen Farm 
494 ; in quarry east of Pen-Ion, 503 ; 
fu Llangaffo cutting, 505; showing 
eastern face of quartz-knob, Pen-y- 
Parc, Beaumaris, 508 ; on west side 
of Careg Gwladys, 511; looking 
nortli, Careg Gwladys, 512 ; at Ogo- 
^wr, 519 ; in Forth Llanlliana, 
looking east, 520; of Borth Wen, 
west side, 521 ; in quany near Pant- 
y-bwlet, 526 ; across Shaft at Cae 
Gwyn Cave, showing the continua- 
tion of the beds over the entrance, 
663 ; at north-east end of excavation, 
Cae Gwyn Cave, 670 ; through Cae 
Gwyn Cavern, 574 ; of Becton- 
Bunny beds, 592 ; of the Barton 
Cliff, 594 ; at Hordwell, west of 
XiOng Mead End, 595 ; through the 
Lower Headon at Hordwell, 696 ; of 
the Barton Beds, north face of 
cutting near Hinton- Admiral, 597 ; 
of contorted Lower Headon beds, 
698 ; at Alum Bay, 699 ; at White- 
cliff Bay, 603 ; at iSinnel Hill, west 
of Pirbright Common, 611 ; on the 
South-eastern Bailway near Wel- 
lin^on College Station, 614 ; of the 
M^ote area, 638 ; showing down- 
ward attenuation of Quartz-vein, 


643 ; ehowizw double-faultitig of a 
Quaiiz-vein, 6^ ; through the Serin- 
' gapatam area, 646 ; across Skelgill, 
661 ; at * Bake,* Browgill, 676 ; of 
isoclinal, Browgill, 680 ; near Stile 
End, 6^; at Far End, Yewdale 
Beck, 688 ; in Mealy Gill, 689 ; in 
Torver Beck, 691 ; across Ashgill 
quarry, 693 ; across ‘ Cliff,’ Ap^e- 
treeworthBeok,696; ofFann,Apple- 
ireeworth Beck, 696 ; at Poaka B^k, 
698; in Spengill, 701 ; general, of 
the Stockdalo Sliales, 706; of the 
Coal-measures of Fifeshire, 748 ; of 
borings in the Durham Salt-district, 
778, 779, 780, 781, 782 ; of Chalk- 
escarpmcnt at Dewlish, Dorset, 819; 
of ore-deposit at Copper Clift', Sud- 
bury, 835 ; of ore-deposit at Stobie 
Mine, Sudbury, 836. 

Sedimentary series of the Northern 
district of Anglesey, 614. 

Sedoy, Prof. H. G., on Thecospondylus 
Davien, Seeley, with some remarks 
on the classiffcation of the Dino- 
sauria, 79. 

Selsey, Upper Bagshot beds of, 605. 
Semio7iotus capemts, 138. 

Septaria in the Barton Series, 589. 
SeptastrcBa^ Dr. G. J. Hinde on the 
history and characters of the genus, 
200 . 

Septastrcea, 211 ; Bewradiataf2\^; mul- 
tilateralis, 222 ; liirtolamellata, 222 ; 
ramosa, 223 ; excavata, 223 ; dis- 
par, 223 ; explunatii, 223 ; Hoimei, 
224 ; Fromenteli, 224 ; Eveshami, 
224 ; crassa, 224 ; ambigua, 224. 

Forbesi, 205, 218 ; mode of 

growth of, 200 ; corallifces of, 207 ; 
septa of, 208; pseudocolumella of, 
210 ; minute structure of, 211. 
Seringnpalam area, rocks of the, 644 ; 

plan and section of the, 645. 
Serpentine maases in Anglesey, 481. 
Shag rocks, granulitic rooks of, 
317. 

Sharpe, D., on foliation in the North- 
west. Highlands, 380. 

Sidmouth, Red-l^ck series at, 149, 
152 ; Vertebrate remains in the 
Triassic strata between Budleigh 
Salterton and, 318. 

Silica, occurrence of, in the Carboni- 
ferous Limestones at Clifton, 194, 
196. 

Silurian strata in the North-west 
Highlands, 403 ; section of, at Dur- 
ness and Eriboil, 404 ; section of, 
from Eriboil to UUapool, 406; 
metamorphism of igneous rooka 
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IntoiaMte in, 434; of the Hoith- 
west Hil^hlaiids, m«tamorphl8m of, 

Bilariaxi ®yitem in Osimda, Western 
Burope, and tlio interior of America, 
811. 

SkelgUl, section across, 661. 

beds, oomparison of, with Birk- 

hill Shales, 706. 

of Skelgill, GfiO; Lower. 

660 ; Middle, 666 ; Upper, 672. 
Skye, Br. A. Geikie on the age of the 
altered Limestone of Strath, 6^ 

, taohylyte from Quiraing in, 304. 

Sluioe-box, Mysorean, for gd-d-wash- 
ing, 648. 

Soapstone, Mr. H. B. Brady on the 
so-called, of Fiji, 1. 

Soudan, Mr. V. Ball on some eroded 
A^te pebbles from the, 368. 

South Africa, physical structure of, 
256. 

South- African rocks, classification of, 
240. 

South Cave, sections of Lower Chalk 
&o. near, 339; sections of Bod 
Chalk near, 334, 335. 

South Stack, section showing running 
of one bed at, 480. 

Series, 476, 484. 

South Thorcsby, succession of Creta- 
ceous beds at, 320. 

Speeton Cliff, section in, 354. 

Cliffs, succession of Cretaceous 

beds in, ^5. 

, Bed Chalk at, 337 ; sec- 
tion of Cretaceous deposits at, 366. 
Spencer, Mr. J., on evidence of ice- 
action in Carboniferous times, Proa. 
93- 

Spengill, Stockdale Shales of, 700; 

section in, 701. 

BphtBToidi'tui omata, 6. 
Sphenospondylus, 46. 

gracilis, 47. 

Spheroids of the granite of MuUagh- 
derg, 552. 

Spinel in greensand at base of Thanet 
Sand, 757. 

Squatina Craneit 144. 

Stags, gneissose rocks from the, 315, 
316. 

Staurocephalus limestone, 693. 
Stigmeuna jicoidesy Mr.S. A. Adamson 
on a recent discovery of, at Clayton, 
Yorkshire, 375. 

Stile End, section near, 683. 

Stobie Mine, Sudbury, section of ore- 
deposit at^ 836. 

Stockdale, Browgill beds of Browgill 
and, 674. 


Mf- J- B. M«r «id 
A, Nicholson on the, 664. 
Shalca, comparison o^ with 
^mo^r ar^ 706 ; reptMento- 
tjreg of the, in Soania, 710 ; general 
charMtore of the, 714 ; taUerf the 
zones of the, 

Zu of the, 718 ; age of 

104 720 . 

otormberg Beds, 240, 263. 

Strath Skye, Dr. A. Geikie on the age 

tit Limestone of, 62. 

Btrath Kanaird, section along, 427. 
nan Carran, section of the 
^ound between Loch More and, 
415 ; section between, and Loch 
Glendhu, 415. 

Stratigraphy of the Limestone of 
Strath, Skye, 67 ; of the Upper 
Cretaceous series in Lincolnshire, 
322. 

Streams, Mr. E.. D. Oldham on the law 
that golems the action of flowing, 
733. 

Stronechrubie, plateau east of, 420. 

Stubbington, Upper Bagshot beds of, 
606. 

Sudbury, Greensand bed at, 758. 

, Canada, Prof. Bonney on a part 

of the Huronian Series in the 
neighbourhood of, 32. 

, quartzites of, 35, 41 ; 

matrix of conglomerate from,^J6 ; 
breccias of, 38 ; grits of, 40. 

• , Mr. J. H. Collins on the 

copper-deposits of, 834. 

Suuningdalo, Bagshot beds near, 166, 
167. 

Sunny Brow, 687. 

Sussex, ISquatina Crariei and the 
mandible of Belonostoinus ci7tciu9 
from the Chalk of, 144. 

Suva, Fiji, foraminiferal deposit at, 

2 . 

Swindalo Beck, Stockdale Shales of, 
699. 

Swinley, Bagshot bods at, 166. 


Table-Mountain Sandstone, 241. 

Tachjlyte, Mr. G. A. J. Cole on some 
additional occurrences of, 300. 

of Ardtun, analysis of, 303. 

Tafam-y-botel, granite in gneiss at, 
492. 

Tarannon Shales, Stookdale-shale 
Trilobites from the, 714. 

Taylor's Rock, gneiss and greenstone 
from, 315. 

Teall, Mr. J. J. H., on Rock-specimens 
coUeoted by Mr. Fox ioom the 
islands off we Lizard BLead, 314. 
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Teall, Mr. J. J. H., on dykes at 
Soonrie, 386. 

Tees, boring on south bank of the, 
opposite Middlesborough, section 
in the, 779, 782. 

Mouth, boring at, section in, 782. 

Valley, discovery of rock-salt in 

the, 761, 766. 

Teesdale, Stockdale Shales in, 706. 

Terrestrial movements, classification 
of, 412. 

Tertiaries and Chalk, unconformity 
between, 759. 

Tetford Wood, succession of Cretace- 
ous beds at, 326. 

Textularia quadrilatera, 5. 

Thanet Sand, Miss M. I. Gardiner on 
the greensand-bed at the base of 
the, 755. 

Sands, 91 ; Mollusca of the, 93. 

Thecospondyl'us Daviesif 79. 

Theropoda, 69. 

Thickening of strata, relation of 
horizontal movements of rocks to 
the, 783. 

Thorn Hill, Aldershot, Upper Bag- 
shots at, 612. 

Thrust-planes, explanation of, 389 ; 
deflection and disruption of dykes 
by, 394. 

Thrusts, chief maximum, in the North- 
west Highlands, 412 ; charac- 
teristics of, 413, 

, minor, major, and maximum, 

412. 

Time, estimate of Post-glacial, 291. 

Titanosaurus, 59. 

Torr Mor, Boreraig, Uoch Eishort, 
section at, 68. 

Torridon Sandstone, relation of, to 
the liimestone of Strath, Skye, 70 ; 
in the North-west Highlands, 400. 

Torver Beck, section in, 691. 

Tottemhoe Stone, equivalent of, in 
Lmeolnshire, 325 ; fossils from the, 
in Norfolk, Suffolk, and Ijincoln- 
shire, 349; in Yorkshire, 351. 

Tourmaline in greensand at base of 
Thanet Sand, 758. 

Traeth Hulas, district west of, 502. 

Traligill, section from one of the 
sources of the, across Coinne-mheall 
to Oorrie Mhadaidh, 421. 

Transporting action of flowing 
streams, 733. 

Transvaal, discoveries of Gold in the, 
Proc. 3. 

^ generalized section from Cape 

Town to the, 266, 270. 

Traps, intrusive and contemporaneouE^ 
of Cape C<dony, 254. 


Tremadoc in America, 806. 

Triassic deposits of the South Hevon 
Coast, 160. 

and Permian rocks of the Dur- 
ham district, classification of the, 
767. 

— — ■ - • Bed Sandstone of Nova Scotia 
and Prince Edward Island, 815. 

strata of the South coast of 

Devonshire, between Budleigh 
Salterton and Sidmouth, Mr. H. J. 
Carter on vertebrate remains in the, 
318. 

Trilobites, Dr. H. Woodward on the 
discoveiy of, in the Upper Green 
(Cambrian) Slates of the Penrhyn 
Quarries, Bethesda, near Bangor, 
74. 

Trochodon cantabrigiensis, 47. 

Trout, beck Valley, sections of Stock- 
dale shales in, 686. 

Truncatulina mundula, 7. 

Trw3m-y-parc, limestone of, 518. 

Tull berg, Prof., on the Silurian and 
Cambrian deposits of Scania, 710. 

Tunnel Hill, section of Upper Bagshot 
in, 611 ; fossils from the Upper 
Bagshot sand of, 616. 

Twt-IIill field-quarry, section at, 273; 
plan of junction of Porphyry and 
Conglomerate in, 273 ; granite of, 
533 ; ground-plan of, 274 ; age of 
conglomerate of, 275. 

Tyn-y-cleout, section through, 287* 

Ullapool, section of Silurian strata 
from Eriboll to, 400. 

and Eriboll, physical relations 

of the strata between, 411. 

Upper Bagshot beds, characters of, in 
Liondon area, 615 ; in the Albert 
Asylum well, 608, 609. 

Sand, fossils from the, 

616. 

series, 579. 

Bartons, 590. 

BrowgUl beds, 677, 678, 687, 

692, 693. 

Limestone of Clifton, insoluble 

residues from the, 193. 

Skelgill beds, 672, 674. * 

Vasiler, gneissose rook from, 315. 

Vectisaurus, 52. 

Vertebrate remains in Triassic strata 
between Budleigh Salterton and Sid- 
mouth, 318. 

Victoria West, section through, 270. 

Volcanic group of Careg Gwladys, 
509; of the northern district of 
Anglesey, 517. 
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Volcanic series of the Lleyn Peninsula, 
530. 

Warfield, Bagshot Beds at, 168. 

Warter, section of Bed Chalk near, 334. 

Wealden, Mr. R. Lydekker on a new 
Iguanodont from tlie, 46. 

Wellington College, Upper Bagshots 
at, 613 ; section on South-western 
Bailway near, 614 ; well-section at, 
614. 

Welton, succession of Cretaceous beds 
at, 326. 

Western District of Anglesey, 467, 
484. 

West Hartlepool, boring at, 764 ; bor- 
ing at Saltholme near, section in, 
781, 782. 

Wethered, Mr. E., on insoluble resi- 
dues obtained from the Carbon- 
iferous Limestone series at Clifton, 
186. 

, on the occurrence of Calci- 

spJuBratt Williamson, in the Carbo- 
niferous Limestone of Gloucester- 
shire, Proc. 91. 

Wharram Station, section of Bed 
Chalk near, 336. 

Whitecliff Bay, section at, 603. 

Wick Hill, Clay-^it at, 172. 

Willowmore, section through, 270. 

Wilson, Mr. Edward, award of the 
Murchison Geological Fund to, 
Proc, 36. 

, on the Durham Salt-district, 

761. 

Wiltshire Bock, granulitic rocks of, 
317. 

Winburg, intrusire trap-sheet at, 254. 

Wittebereen, Quartzites of the, 240, 
241 ; Dwyfca Conglomerate on the, 
243 ; section through the, 270. 

Wolds, condition 01 the Chalk on the 
brow of the Yorkshire, 332. 

Wollaston Donation Fund, award of 
the, to Mr. John Home, Proc. 33. 


Wollaston Gold Medal, award of the, 
to Mr. H. B. Medlicott, Proc. 32. 

Woodward, Mr. A. S,, on some re- 
mains of Squatina Cranei, sp. nov., 
and the mandible of Behnostomus 
ciTioUiSt from the Chalk of Sussex, 
144. 

, on two new Lepidotoid Ganoids 

from the early Mesozoic deposits of 
the Orange Free State, South Africa, 
138. 

Woodward, Dr. H., on the discovery of 
Trilobites in the Upper Green(Cam- 
brian) Slates of the Penrhyn 
Quarries, Bethesda, near Bangor, 
North Wales, 74. 

Woolwich and Beading Beds, 98 ; 
MoUusca of the, 100. 

Worcester, section through, 270. 

Wrekin, Monian rocks in the, 543. 

Y Fool, rocks of, 501. 

Yewdale Beck, Stockdale Shales in, 

688 . 

Ynys-y-fyddlyn, Pre-Cambrian rocks 
near, 473 ; granite near, 473. 

Yorkshire, Mr. S. A. Adamson on a 
recent discovery of Stigmaria 
Jicoides at Clayton, 375. 

and Lincolnshire, Mr. W. Hill 

on the lower beds of the Upper 
Cretaceous series in, 320 ; succession 
of the Upper Cretaceous beds in, 
331. 

, South, section of Upper Creta- 
ceous beds in, 366. 

Ypresian, Lower, 105, 106. 

Zircon in greensand at base of Thanet 
Sand, 757. 

Zuurbergen, quartzites of the, 240, 
241. 

Zwarteborgen, quartzites of the, 240, 
241 ; sections through the, 270. 
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